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ADMINISTERING FIRST AID FOR 
ELECTRICAL SHOCK 


Regardless of how much care is exercised, 
there is always the danger of electrical 
shock. Therefore, it is very important to 
know how to administer first aid to an elec- 
trical shock victim and to be sure that all 
crew members are well drilled in electric 
shock treatment. The lessons taught and 
learned about aiding electrical shock victims 
may result in the saving of life. 


Generally, an electrical shock victim will 
turn either very white or very blue and, in 
a large number of cases, breathing will stop. 
Oftentimes the body will become stiff in a 
few minutes. This symptom is caused by the 
reaction of the current passing through the 
body and should not be confused with rigor 
mortis. In cases where breathing stops, arti- 
ficial respiration must be given immediately. 
The promptness with which artificial respi- 
ration is started after the breathing has 
stopped is most important. 


Obviously, the first step is to rescue the 
victim. In doing this, care must be taken 
not to touch him or the equipment from 





Proper Method of Rescuing Shock Victims 
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which he received the shock while the power 
to that equipment is on. Turn off the power 
to the equipment and pull the victim free, as 
shown in the illustration, by using a piece 
of flying clothing or anything else that is a 
good insulator. Do not touch the victim until 
he is free of all electrical contacts. 


After rescuing the shock victim, keep him 
warm and quiet, and if he is breathing, flat 
on his back. Allow him to lie quietly for at 
least one hour and be sure that he is well 
covered. Above all, do not leave him un- 
attended and do not allow him to move about. 


ARTIFICIAL RESPIRATION 


The promptness with which artificial res- 
piration is begun is most important. Here 
are a few things that must be remembered. 


1. Artificial respiration must continue 
until normal breathing returns and 
the victim is conscious, or until the 
victim is officially pronounced dead by 
medical personnel. Artificial respira- 
tion has revived victims after breath- 
ing had stopped for a period of hours. 


2. If breathing again stops after having 
been restored to normal, begin artifi- 
cial respiration immediately. 


3. Never give an unconscious. victim 
liquid stimulants, as he can drown if 
they are forced down his throat. After 
regaining consciousness, the victim 
may be given liquid stimulants, such 
as hot black coffee or hot strong tea, 
and up to one glass of water. 


4. After consciousness has returned, let 
the victim lie quietly for at least one 
hour, and keep him well covered. Re- 
member, do not leave him unattended 
and do not allow him to move about. 
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CONDITION 


Hypoxia (see also Hy- 
poxia or Hyperventila- 
tion). 


Hypoxia or Hyperventi- 


lation (undetermined 
stage). 
Hyperventilation (see 


also Hypoxia or Hyper- 
ventilation). 


Paresthesia (tingling 
fingers or crawling 
ants). 


Shock and Shock Pre- 
vention 


Bends 


Chokes 


Ear Pains 


Sinus Pains 


SUMMARY OF SYMPTOMS 


SYMPTOMS 


Dizziness, hot and cold sensations, tingling—starting with 
fingers and toes and progressing to limbs, followed by muscu- 
lar spasms, nausea, sleepiness, and finally slumped un- 
consciousness. Occasionally: blue tinge to lips and _ nails, 
narrowing vision at night (peripheral grayout), “devil may 
care” attitude similar to intoxication. If back muscles contract 
—causing an upright spasm—see Hyperventilation. 


Variable. Early symptoms as above. Dizziness, hot and cold 
sensations, tingling—starting with fingers and toes and pro- 
gressing to limbs. 


In general the same as for hypoxia, except that the patient 
will go into muscular contractions that will be felt in the 
chest, back, neck, and limbs. Patient will go into rigid, upright 
unconsciousness. It is similar to the novice “freezing at the 
controls’. (Whereas in hypoxia a relaxed—or slumped— 
unconsciousness is found.) 


Tingling, itching, cold and warm sensations of skin. 


General weakness, trembling, nervousness, rapid-weak pulse, 
excessive thirst, pale and wet with sweat, gasping for air, and 
finally unconsciousness. Shock can result from any injury. 
Don’t wait for shock symptoms but apply treatment as a 
shock preventative. 


Pain in and about the joints, possible collapse. 


Burning sensation beneath the breastbone. Non-productive 
cough, suffocating sensation, and collapse. 


Dull hearing, fullness of the ear, and pain. Severe cases cause 
damage or ruptured ear drum. 


Pain, frontal sinus (in forehead), maxillary sinus (in cheek- 
bone) sometimes interpreted as toothache. 
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OCCURRENCE 


Inflight. Lack of oxygen. 


Inflight. 


Inflight. Caused by deep 
and rapid breathing and 
a lack of CO,. Apprehen- 
Sion. 


During ascent. (Also in 
early stages of hypoxia 
or hyperventilation.) 


Any kind of injury. The 
more severe the injury, 


the greater possibility of 
shock. 


At high altitude. 


At high altitude. 


Ascent and descent. Per- 
son with upper respira- 
tory (throat) infection. 


Ascent and descent. 








FIRST AID TREATMENT 


TREATMENT 


Give 100% oxygen immediately. Normally complete recovery 
results. Occasionally followed by shock. Treat for shock. Rare 
—apprehensive patients will follow inclination to breathe 
deeply and go into hyperventilation (lack of COz). Possible 
need of artificial respiration (deep hypoxia may cause breath- 
ing to stop). 


To determine whether hypoxia or hyperventilation use this 
test: have patient take three (3) breaths of 100% oxygen. 
If patient improves, it is hypoxia, so continue oxygen; if 
patient is unimproved or symptoms progress, it is hyperven- 
tilation. Treat for hyperventilation. 


In the early stages, the only treatment is to hold the breath 
or breathe in-and-out in a paper bag (re-breathing COQO,). 
Occasionally followed by shock. Treat for shock. Unconscious- 
ness will remove the primary cause—apprehension—and the 
patient will stop breathing or have exceedingly slow breathing 
until CO. effects normal breathing. Possible need of artificial 
respiration. 


Descend to lower altitude. 


Make patient comfortable, loosen clothes, and remove bulky 
items. Move only as much as necessary and keep feet higher 
than the head to increase the flow of blood to the head. Keep 
warm with a blanket underneath as well as over the patient. 
If unconscious, place face down with head turned and tongue 
out to prevent choking should he vomit. If he is conscious 
give liquids, tea, coffee, etc., to replace body fluid and oxygen. 


Descend and refer individual to flight surgeon. Treat for shock. 


Descend and refer individual to flight surgeon. 


Swallow, yawn, cough, hold nose and blow air into middle ear. 
Return to previous altitude, or spray with nose drops. 


Level aircraft and return to previous altitude or ground level. 


Spray with nose drops. Use slow descent. 








SUMMARY OF SYMPTOMS (CONT'D) 


CONDITION SYMPTOMS 


Gas Expansion (G.I. Discomfort, pain, respiration interference. May progress to 





tract) collapse and shock. 
Toothache Pain in area of affected tooth. 
Burns Depend on severity. Pain and shock. 
Bleeding: Visual. 
General 
Information 
| 
| 
Bleeding: Visual. 
Pressure 
P oints | 
Chest Wounds Visual. | 
Stomach Wounds Visual. 
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OCCURRENCE 


Rapid ascent to a high 
altitude. 


Usually during rapid 
ascent to a high altitude. 


Inflight. 


Inflight. 


Inflight. 


Inflight. 


Inflight. 





FIRST AID TREATMENT (CONT'D) 


TREATMENT 


Level aircraft and massage area of pain. If ineffective or pain 
is severe, descend or return to ground level. (This is no time 
to be delicate! Pass gas freely.) 


Level aircraft and return to previous altitude or ground level. 
Refer to dental officer. 


Shock and infection are the greatest dangers. Tear and cut 
clothing to remove carefully. Let clothing remain where it 
sticks to the burn. Leave severe burns uncovered. Don’t touch 
burns or break blisters. Burns cause loss of body fluids so 
give three or more canteens of salted (two salt tablets or 14 
teaspoon salt per canteen) water to patient every 24 hours. 
Citrus juices (orange, grapefruit) may be given in quantity. 
Important: Except for shock treatment, the more severe the 
burn the less treatment it should have. Cover patient with 
sterile sheet, if possible. Prevent contact with severely burned 
areas. 


Look at the wound, then stop the bleeding with pressure. Use 
sterile or clean-as-possible pads. Prevent, or treat, for shock. 
Keep patient warm and quiet; guard against infection. Apply 
pressure dressing to wound; never apply tourniquet unless the 
wound is gushing or the bleeding is severe and cannot be 
stopped any other way. Place tourniquet between wound and 
heart; in wounds below a joint, place tourniquet just above 
the joint. Treat for shock. Caution: The tourniquet is a “last 
resort” measure. It may increase bleeding if applied improp- 
erly. 


Pressure points—on the neck, armpits, elbows, groin and back 
of knees—are most important when bleeding cannot be 
stopped. Use neck points as a last resort. Do not use both neck 
points at the same time as this may cause complete loss of 
blood to the brain and ultimate death. 


If chest wound sucks air or bubbles, make wound air tight 
with a pressure dressing just after the patient exhales, then 
bind securely. 


In stomach wounds, leave protruding organs alone. If possible, 
use sterile dressing to cover wound. 
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DIRECTIONAL INDICATORS 


COMPASSES AND DIRECTIONAL INDICATORS 


PREFLIGHT 


This is an auxiliary instrument. Check 
with aircraft’s other compass system; 
post a deviation card. 


Compass system is on when aircraft 
power is on; wait five minutes for gyro 
to gain speed; press cold starting 
switch for one minute if necessary. 
Adjust sensitivity toward “5” until 
light oscillation shows on the master 
indicator pointer. Return knob to next 
lower setting; normal is ‘‘3.” 


Compass system is on when aircraft 
power is on. 


Compass system is on when aircraft 
power is on. Wait three minutes for 
gyro warmup; by this time the indi- 
cator should read aircraft’s MH +2°. 
The dial index may be set to heading if 
desired. 


OPERATION 


Use as cross check on other com- 
pass systems which may mal- 
function without detection unless 
checked frequently. 


Sensitivity of the Compass de- 
pends upon latitude. If gyro be- 
comes under- or _ over-sensitive, 
adjust in the manner described in 
preflight. 


Place slave switch in SLAVED GYRO 
position for magnetic operation. 
For unzeroed annunciator, turn 
the Manual set heading switch in 
the “indicated direction” until the 
pointer is zeroed. For directional 
gyro operation, place slave switch 
in FREE GYRO position. Manual set 
heading switch permits the setting 
of any desired heading on re- 
peaters. 


For magnetic slaved operation, 
place slaving switch in SLAVE posi- 
tion. 
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G-2 
Directional 
Indicator 


2-2 


COMPASSES AND DIRECTIONAL INDICATORS (CONT’D) 


PREFLIGHT OPERATION 


System functions automatically when 
aircraft power is on. 


For magnetic slaved operation, 
place slaving switch in REMOTE 
COMPASS position. For directional 
gyro operation, place slaving 
switch in FREE DIRECTIONAL GYRO 
Position. The resetting knob on the 
indicator permits manual setting 
of the main dial to any desired 
heading. The following steps 
should be followed: | 

1. Depress knob firmly and rotate 
main dial to the desired head- 
ing. 

. Keep knob depressed on de- 
pressed heading for at least 
two seconds. 

. Release knob, avoiding any 
twisting motions. 
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PREFLIGHT 


1. Check cable connections and component 
parts. 


2. Energize N-1 system, allow a 5-minute 
warmup. 


3. Turn latitude correction pointer to OFF. 
4. Synchronize master indicator. 


5. Check N-1 gyro and slaving control 
motor for operation. 


6. Compare master indicator with pilot’s 
magnetic compass. 


7. Desynchronize master indicator CW to 
right. Annunciator moves CW to L area. 
White dot rotates CCW. 


8. Desynchronize master indicator CCW 
to left. Annunciator moves CCW to R area. 
White dot rotates CW. 


9. Turn latitude correction pointer to gyro 
operation. 


90°N—White dot moves CW. 
0° —White dot stops. 
90°S —White dot moves CCW. 


10. Rotate N-1 gyro in shock mounts CW 
and CCW. Master indicator should follow. 


11. Return to magnetic slaved operation 
and synchronize master indicator. All re- 
peater indicators should agree within +2° 
limits. 


12. Slowly rotate synchronizer knob 360°, 
stopping at each 90° increment, first CW, 
then CCW. All repeaters should follow 
smoothly; master indicator pointer should 
operate smoothly. 


18. Synchronize master indicator. Rotate 
repeater indicator cards. Pointer should hold 
constant heading. 
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OPERATION 


Energize N-1 system; allow 15-minute 
warmup. Select desired operation: Magnetic 
slaved or directional gyro. 


MAGNETIC SLAVED OPERATION 
1. Set latitude correction pointer to OFF. 
2. Synchronize master indicator. 


3. Check white dot for correct direction of 
rotation. 


4. Check master indicator against mag- 
netic compass. 


do. If 180° out of phase, desynchronize 
master indicator and turn through 180°. 
Resynchronize. 


CAUTION 





@ Check correction servo indica- 
tor occasionally. It should be 
rotating to indicate proper 
operation. 


The annunciator pointer may 
oscillate right and left (R and 
L) as a result of the yaw of 
the aircraft. This indicates 
proper operation of the correc- 
tion servo. 


Do not attempt to synchronize 
the system while aircraft is 
making a turn or immediately 
after a turn. 
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DIRECTIONAL GYRO OPERATION 


1. Set latitude correction pointer to lati- 
tude of aircraft’s position. 


2. Check white dot for correct direction of 
rotation. 


3. Set master indicator heading pointer 
to aircraft’s gyro heading. 


4. Reset latitude correction pointer to 
midlatitude for each 2° change in latitude 
of aircraft. 
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CAUTION 


@ The latitude correction pointer 
should be changed to midlati- 
tude for each 2° change in lati- 
tude. 


Observe correction servo indi- 
cator occasionally. It should be 
rotating to indicate proper 
operation. 
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Section B 


PREFLIGHT 


INTERNAL ALIGNMENT CHECK 


The alignment of the sight can be easily 
and rapidly checked in the following 
manner : 


1. Set the latitude scale at 0° N. 
2. Set TB index at 360°. 


3. Adjust the sight so that azimuth scale 
can be seen. The scale should read 360°. If 
it does not, note the amount and direction of 
the error. 


4. Reset latitude to 0° South latitude. 
Leave TB index at 360°. 


5. Adjust sight assembly and _ sight 
through it in the reverse direction. The azi- 
muth scale should read 180°. Note the 
amount and direction of the error, if any. 


6. If errors noted in Steps 3 and 5 are 
equal in amount and in the same direction, 
the error can be removed by loosening the 
screws on the sighting bar and realigning 
it. If the errors in Steps 3 and 5 are equal in 
amount but opposite in direction, the sight- 
ing assembly is displaced laterally from the 
zero axis. No noticeable error in TH will 
result from this misalignment. If the errors 
in Steps 3 and 5 are not equal in amount, do 
not rely on the astrocompass. 


MOUNT ALIGNMENT CHECK (FOUR POSITION 
MOUNT, 129) 


Mount Alignment Aft 


1. Set relative bearing of the tail (found 
on the astrodome) on the true bearing scale. 


2. Set the latitude scale at 090°. 
3. Level the astrocompass. 


4. Tilt the declination scale and rotate 
the TH scale until the sights are aligned on 
the vertical stabilizer. 
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5. A reading of 360° should appear under 
the TH lubber line if the mount is correct. 
Example: If the reading is 358°, the cor- 
rection is a +2°. 

6. This correction is applied directly to 
the true heading obtained when using this 
mount position. 


Mount Alignment Forward 


1. With mount still in AFT position and 
astrocompass still in alignment (example 
above: 358° will be under the TH index), 
rotate the drum stator and sight an object 
one to two miles away, whose relative bear- 
ing approximates 090° or 270°. 


2. Read the bearing from the TB scale. 
3. Move the mount to forward position. 
4. Level the astrocompass. 


5. Sight on the same object by moving 
the TH scale. (Do not move the drum stator.) 


6. The reading should be 360° under the 
TH lubber line if the mount is correct. 


7. If it reads 357°, the correction is +3°. 


8. This correction is applied directly to 
the true heading obtained when using this 
mount position. 


9. Use the same procedure on the oppo- 
site side of the dome. 


OPERATION 


TRUE HEADING CHECK 


LHA Method 


1. Extract the GHA and declination of 
the body from the Air Almanac for the GMT 
at which the observation will be made. Ap- 
ply the exact DR longitude to the GHA of 
the body to find the LHA of the body. 
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2. Set the DR latitude on the latitude 
scale. 


_ 8. Set LHA opposite appropriate index. 


4. Move the sight until the pointer is at 
the declination of the body. 


do. Mount and level the astrocompass. 


6. Turn the azimuth circle until the body 
is in line with the sight. Make sure that the 
astrocompass is still level. This is done at 
the expected time of the observation. 


7. Read the true heading on the azimuth 
scale opposite the lubber line. 


True Bearing Method 
1. Set the latitude scale at 090°. 


2. Set the true azimuth of the body at 
the true bearing index. 


3. Mount and level the astrocompass. 


4. Turn the azimuth circle and adjust the 
inclination of the sight until the body is 
aligned with the sight. This must be done at 
the time used to compute the true azimuth. 


5. Read the true heading on the azimuth 
scale at the lubber line. 


Relative Bearing Method 
1. Set the latitude scale to 090°. 


2. Set 0° opposite the lubber line (true 
heading index) on the azimuth circle. 


3. Mount and level the astrocompass. 


4, Depress and rotate the LHA knob and 
adjust the inclination angle of the sight 
until the body is aligned with the sight. Note 
the time of the observation of the body. 


d. Read the relative bearing of the body 


. at the true bearing index. 


6. Find the true azimuth (true bearing) 
of the body for the time of the observation. 
To find the true heading, subtract the rela- 
tive bearing from the true azimuth (Zn) of 
the body. Thus, TH = TB — RB. 


Indicated Relative Bearing Method 
1. Set the latitude scale to 090°. 
2. Set the true bearing index to 000°. 
3. Mount and level the astrocompass. 


4. Turn the azimuth circle and adjust the 
inclination of the sight until the body is 
aligned with the sight. 


5. Read the indicated relative bearing on 
the azimuth scale at the lubber line. 


6. Find the true azimuth (true bearing 
of the body for the time of the observation). 
To find the true heading, add the indicated 
relative bearing to the true azimuth of the 
body. Thus, TH = IRB+ TB. (IRB = 360° 
— RB) 


DEVIATION CHECK 


Computation for a deviation check is 
shown below. 






DRIFT 
CORRECTION 


T.H. 








GMT = 1025 (Time of True Heading check) 
TH = 098° (Observed True Heading) 
CH = 092° (Simultaneous Compass Reading) 
VAR = 7°E_ (At Local Position) 





MH DEV CH 












VAR 








Computation for a Deviation Check 
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@) - «© © © © © » ALTIMETERS, TEMPERATURE GAGES, 
AND AIRSPEED METERS 






* 


AA 
ITA 


BTA 
COTA 
IPA 


BPA 
DA 
IAT 


BAT 
TAT* 


OAT* 
OATo 


OATa* 
IAS 
BAS 
CAS 
EAS 
DAS 
TAS 


DEFINITIONS 


Absolute Altitude 


Indicated True Altitude 


Basic True Altitude 
Computed True Altitude 


Indicated Pressure Altitude 


Basic Pressure Altitude 
Density Altitude 


Indicated Air Temperature 


Basic Air Temperature 


True Air Temperature or 
Ambient Air Temperature 


Outside Air Temperature 


Observed Outside Air 
Temperature 


Actual Outside Air Temperature 
Indicated Airspeed 

Basic Airspeed 

Calibrated Airspeed 

Equivalent Airspeed 

Density Airspeed 


True Airspeed 


Height of aircraft above terrain. 


Reading of the pressure altimeter with an 
altimeter setting equal to the current baro- 
metric pressure at mean sea level directly 
below the aircraft. 


ITA corrected for instrument error. 
BTA corrected for temperature. 


Altimeter reading with 29.92” Hg in 
window. 


IPA corrected for instrument error. 
BPA corrected for temperature. 


Uncorrected reading from the temperature 
gage. 


JAT corrected for instrument error. 


BAT corrected for heat of compression 
(temperature rise). 


Same as TAT. 


Temperature read from free air temperature 
gage and corrected for instrument error. 


OATo corrected for Heat of Compression. 
Uncorrected reading from airspeed meter. 
IAS corrected for instrument error. 

BAS corrected for pitot-static installation. 
CAS corrected for compressibility. 

CAS corrected for BPA and TAT. 


EAS corrected for density altitude. 


*In the tables of this manual, OATa, OAT, and TAT are used interchangeably. 
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PREFLIGHT 


1. Turn receiver gain CW about one-half 
turn. 


2. Place the selector switch in X1 position. 
3. Allow a 3-minute warmup. 


4. Adjust circle size control until track is 
visible and lies just under altitude scale. 


5. Turn the gain CW until reflected pulse 
iS approximately 14-inch high. 


6. Focus, brilliance, and trace center can 
be controlled by screwdriver adjustments on 
the bottom of the indicator. 


OPERATION 


1. Place selector switch in X10; center 
trace should be about 14-inch inside the 
scale. Adjust the X10 until reference pulse 
is at 0. 


2. Set selector switch to X1 and place 
CCW edge of pulse on 0. This should be done 
just as the wheels of the aircraft leave the 
ground. 


3. As the aircraft climbs, reflected pulse 
will move and decrease in amplitude. At an 
altitude of several hundred feet, the refer- 
ence pulse will appear near 0. 


4. Record the position of the reference 
pulse for later use. 
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5. When reading altimeter, adjust the 
gain so that the reference pulse is 14-inch 
high, and using the X1 adjustment, place the 
reference pulse on 0 point recorded in Step 4. 


6. When reading the altimeter, read CCW 
edge of the trace of the pulse. 


NOTE: Reference and reflected 
pulses will merge at multiples of 
5,000 feet. 


INFLIGHT MAINTENANCE 


MALFUNCTION REPAIR 


Pilot light out 






Check active fuse, pri- 
mary voltage fuse, and 
bulb. 


Check fuses, position of 
the controls, and connec- 
tions. 







No center trace 


Pulse absent or filled in Check transmitter tubes. 
by trace 


WARNING 












This instrument uses high operat- 
ing voltages, high enough to kill. 
Do not disconnect any unit or cable 
of the equipment, or remove the 
fuse unless the power is turned 


off. 
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(PRESSURE ALTIMETER) 


PREFLIGHT 


ACCURATE CALIBRATION 


A ground check may be made with a C-1 
Test Unit. Place a calibration card by the 
instrument. 


OTHER CALIBRATION CHECKS: 


1. Set the field station pressure in the dial. 
The indicator will point to the elevation of 
the runway. 


2. Set the runway elevation (in feet) ; 
the pointer will indicate the station pressure 
in the window. 


OPERATION 


Prior to reading, tap the face of the in- 
strument to remove fractional (lag) error. 


NOTE: In a high pressure area the 
aircraft is higher than indicated; 
in low pressure area the aircraft is 
lower than indicated. Temperature 
affects the accuracy of measure- 
ment of altitude. When pressure is 
29.92” Hg and the temperature is 
colder than +15°C at sea level, the 
air is more dense and will cause an 
altimeter set for sea level to read 
high. When the pressure is 29.92” 
Hg and the temperature is warmer 
than +15°C at sea level, the air is 
less dense and will cause the 
altimeter set for sea level to read 
low. 


INFLIGHT MAINTENANCE 


MAY 1959 


Since this is a delicate instrument, no 
inflight maintenance is recommended. 
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Using EAS, BPA, and BAT, find an ap- 
proximate TAS. Enter the Heat of Compres- 
sion Table with this TAS and find the cor- 
rection to the BAT, and get TAT. 


With this TAT set opposite BPA in the 
TAS computation window, read TAS on the 
outer scale above the EAS. 
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B °° °° @ © © HEAT OF COMPRESSION CORRECTION 


Two tables are included for this correc- 
tion, one for the C-13 temperature gage (see 
Heat of Compression Table) and one for the 
machmeter (see Mach Number—True Atr- 
speed Conversion Chart). The C-138 table is 
based on a temperature coefficient of 0.8 


Temp 
Correction 
°C 


C-13 TEMPERATURE GAGE 





Heat of Compression Table 
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while the machmeter considers 1.0 conduc- 
tivity. The latter table may serve as a mach 
number-TAS conversion table. Entering 
arguments for this table are BAT and either 
mach number or TAS. 


Airspeed 
Knots 


265-284 
285-294 
295-309 
310-329 
330-344 


345-354 
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BAT—°C 
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Mach Number—True Airspeed Conversion Chart 
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PREFLIGHT 


Tap the face of the instrument; the needle 


should not jump. Make a visual inspection 


to see that there is: 


TROUBLE 
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1. No broken glass. 


2. No moisture inside the glass. 


3. No poor luminous markings. 


INFLIGHT MAINTENANCE 


POSSIBLE SOURCE 


Readings too high or low Leak in system. 


Hand does not respond 


Hand oscillates 


Some component of static system miss- 
ing; i. e., TAS Meter, Radar Computer 


Temp. bulb defective or defective unit. 


A defective meter or water in the lines 
Excessive mount vibration and/or exces- 


sive tube vibration 


CORRECTION 


Tighten all visible connections 


Cover exposed connections (with band- 


aid, possibly) 


Ground maintenance 


Ground maintenance 

Wedge material to lessen vibration 
and/or tighten mounts. 

Tape all tubes at least every 5 inches, 


if they are accessible. 
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PREFLIGHT 


1. Before boarding the aircraft, check 
the driftmeter window located in the bottom 
of the tube for cleanliness. 


2. After boarding the aircraft, turn on 
the driftmeter and allow a 10-minute warm- 


up. 
3. Check for clean eyepiece assemblies. 


4. The eyepiece adjustment ring (focus) 
should move freely. 


5. Check the mounting flange on the ped- 
estal case for security. 


6. The rheostat spound brighten or dim 
the reticle. 


7. Turn the line-of-sight knob, checking 
vertical movement of prisms. Turn back to 
0° trail angle. 


8. After the 10-minute warmup, uncage 
the gyro (left to uncage—right to cage). 


9. Check for smooth rotation of the in- 


strument. Start with the azimuth drive knob 


engaged, and then disengage and rotate the 
instrument 180°. Recheck for smoothness. 


10. Check the vertical alignment of the 
instrument as follows (if the aircraft is not 
parked in a level or flying attitude, the drift 
meter must be caged) : 


a. With 0° trail angle, locate an object or 
a spot directly beneath the center speedline 
of the reticle and as close to the crosshairs 
as possible. 


b. Turn the driftmeter 180°; in this posi- 
tion, check to see that the spot is still under 
the speedline. If not, adjust the line-of-sight 
knob so that the speedline is over the pre- 
viously selected spot. 


c. Read the number of degrees (trail 
angle). One half of this angle is the vertical 
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misalignment. If the adjustment is toward 
85° (aft), the sign is negative; if it is 
toward 15° (forward), the sign is positive. 


d. Enter the appropriate column of the 
K-Factor Correction Table for 0° to 50° 
trail angle K-factor, or for correction to 0° 
trail angle K-factor. The 0° trail K-factor 
correction is added to either the K-factor 
that is stamped on the driftmeter or the 
measured K-factor. 


K-FACTOR CORRECTION TABLE 
Vertical 0° to 50° O° to 50° 0° Trail 


Misalignment “K"’ “K” ““K”’ Corr. 
(in degrees) (Plus) (Minus) (Add) 


0 
] 
2 
3 
4 
S) 
6 
7 
8 
9 
10 
11 
12 
13 
14 





11. Check the reticle angle as follows: 


a. To check the K-factor stamped on the 
driftmeter for accuracy, with a trail angle 
of 0°, locate an object or a spot on the 
ramp directly under either the forward or 
the aft speedline. 


b. Turn the line-of-sight knob until the 
other speedline (forward or aft) is over the 
same spot. 


c. On the line-of-sight scale, read to the 
nearest one-quarter degree the amount the 
line-of-sight knob was turned. This is the 
reticle angle. 
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PREFLIGHT 


1. Before boarding the aircraft, check 
the driftmeter window located in the bottom 
of the tube for cleanliness. 


2. After boarding the aircraft, turn on 
the driftmeter and allow a 10-minute warm- 
up. 

3. Check for clean eyepiece assemblies. 


4. The eyepiece adjustment ring (focus) 
should move freely. 


5. Check the mounting flange on the ped- 
estal case for security. 


6. The rheostat should brighten or dim 
the reticle. 


7. Turn the line-of-sight knob, checking 
vertical movement of prisms. Turn back to 
0° trail angle. 


8. After the 10-minute warmup, uncage 
the gyro (left to uncage—right to cage). 


9. Check for smooth rotation of the in- 


'strument. Start with the azimuth drive knob 


engaged, and then disengage and rotate the 
instrument 180°. Recheck for smoothness. 


10. Check the vertical alignment of the 
instrument as follows (if the aircraft is not 
parked in a level or flying attitude, the drift- 
meter must be caged) : 


a. With 0° trail angle, locate an object or 
a spot directly beneath the center speedline 
of the reticle and as close to the crosshairs 
as possible. 


b. Turn the driftmeter 180° ; in this posi- 
tion, check to see that the spot is still under 
the speedline. If not, adjust the line-of-sight 
knob so that the speedline is over the pre- 
viously selected spot. 


c. Read the number of degrees (trail 
angle). One half of this angle is the vertical 
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misalignment. If the adjustment is toward 
85° (aft), the sign is negative; if it is 
toward 15° (forward), the sign is positive. 


d. Enter the appropriate column of the 
K-Factor Correction Table for 0° to 50° 
trail angle K-factor, or for correction to 0° 
trail angle K-factor. The 0° trail K-factor 
correction is added to either the K-factor 
that is stamped on the driftmeter or the 
measured K-factor. 


K-FACTOR CORRECTION TABLE 
Vertical O° to 50° O° to 50° 0° Trail 


Misalignment “K" “K” ““K"’ Corr. 
(in degrees) (Plus) (Minus) (Add) 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 





11. Check the reticle angle as follows: 


a. To check the K-factor stamped on the 
driftmeter for accuracy, with a trail angle 
of 0°, locate an object or a spot on the 
ramp directly under either the forward or 
the aft speedline. 


b. Turn the line-of-sight knob until the 
other speedline (forward or aft) is over the 
same spot. 


c. On the line-of-sight scale, read to the 
nearest one-quarter degree the amount the 
line-of-sight knob was turned. This is the 
reticle angle. 


5-1 





AF MANUAL 51-40 VOL III MAY 1959 


d. Enter the Reticle Angle Table for the 
correct K-factor. Compare this with the 
K-factor stamped on the driftmeter. Use the 
K-factor stamped on the driftmeter if it is 
within .002 of the measured K-factor. 


RETICLE ANGLE TABLE 


RETICLE ANGLE K-factor 
(degrees) (for knots) 





12. The gyro should be stable during all 
movement of the driftmeter after the 10- 
minute warmup. 


13. Check horizontal alignment as _ fol- 
lows: 


a. Line up the center drift line on the 
recommended reference point (table Refer- 
ence Points for Horizontal Alignment). 


b. Compare the known azimuth of the 
reference point with the reading obtained on 


the driftmeter. Any alignment error present 
should be removed by loosening the screws 
of the azimuth index marker and resetting it 
on the correct angle. 


NOTE: The horizontal alignment 
check is primarily a check on the 
accuracy of the drift scale. Another 
way to accomplish this is to read 
“drift” while the aircraft is taxiing 
in a straight line. Drift reading 
should be zero. Reverse sign of 
reading and apply algebraically as 
a correction to inflight drift read- 
ings. 

14. Cage the gyro and turn driftmeter off 
for takeoff. Index pointer must be on drift 
scale. In this position the glass in the objec- 
tive head of the instrument faces aft which 
prevents damage from pebbles or stones. 


NOTE: The gyro must be caged on 
takeoff, landing, and at any time 
that the roll or pitch exceeds 35°. 


OPERATION 
READING THE DRIFT CORRECTION 


1. Turn driftmeter ON. Allow at least a 
10-minute warmup. 


2. After the 10-minute warmup, uncage 
the gyro. 


REFERENCE POINTS FOR HORIZONTAL ALIGNMENT 








Aircraft Type 


5-2 


Reference Point 


C-54 Painted line or rivets on belly of aircraft 
Inside edge of number 3 engine air scoop 139° 
Inside hub of right main gear 019"%° 


C-97 Inside hub of left wheel 197" 
Inside edge of the air scoop on number | engine 232° 
Inside edge of the air scoop on number 3 engine 207 

R6D/C-118 Leading edge of belly air scoop 183° 
Left edge of belly air scoop 185° 
Axle between wheels of right main gear 165 

C-124 Inside hub of left wheel ee 


Left first flap hinge fairing 








Bearing 
0° or 180° 
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3. Adjust the reticle lamp to desired 
brilliance. 


4. With trail angle of 0°, turn the eye- 
piece adjusting ring for proper focus. 


5. Turn the azimuth drive knob until the 
reticle lines (drift lines) are parallel with 
the path of the objects across the field of 
vision. 

6. Read the drift correction opposite the 
index pointer. 


7. Turn the pointer several degrees away 
from the drift reading. 


8. Repeat Steps 5 and 6. 
9. Cage the gyro. 


GROUNDSPEED BY TIMING 
Zero Trail Angle Method 
1. Uncage the gyro. 


2. Read the drift correction, and leave 
pointer on the reading. 


3. With a stop watch, record the time 
required for a sighted object to pass from 
the forward speedline to the aft speedline. 


4. Read the absolute altitude. 
5. Cage the gyro. 
6. Obtain the correct K-factor. 
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7. To solve for groundspeed (GS) in knot 
use the following proportion: 


GS Absolute altitude (in feet) 
K Time (in seconds) 


Trail Angle Method 

1. Uncage the gyro. | 

2. Read the drift correction, and leav 
the pointer on the reading. 


3. Read the absolute altitude just befor 
you start timing. 


4. Turn the line-of-sight knob to the 0 
detent. Start the stop watch just as som 
object crosses the center speedline. 

5. Turn the line-of-sight knob, keepin: 
the object in view and ahead of the cente 
speedline until the 50° detent is felt. Sto 
the stop watch just as the same object agai: 
crosses the center speedline. 


6. Cage the gyro. 
7. Obtain the correct K-factor. 


8. To solve for groundspeed (GS) i 
knots, use the following proportion : 


GS _ Absolute altitude (in feet) 
K Time (in seconds) 


K-factors for trail angles other than 0° 
50° are given in the following table. 


K FACTORS FOR GROUNDSPEED BY TIMING 
TRAIL ANGLE METHOD (B-3 DRIFTMETER) 





*B-3 Driftmeter has detents at these angles. 


START 

*0° 10° 30° 40° 50° 
0518 

1043 

.1587 0543 

2155 1112 

.2761 A717 .0605 

3419 .2375 1264 

4146 3102 .1990 0727 

4968 3924 .2813 1549 

5921 4877 3765 .2502 0953 

7057 .6013 4901 .3638 .2089 

8456 7412 .6300 .5037 .3487 .140 
1.026 9222 .8100 .6837 5287 .320 
1.270 1.165 1.054 9275 1729 64 
1.706 1.602 1.490 1.364 1.209 1.000 
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INFLIGHT MAINTENANCE 


The only inflight maintenance that may 
be done is the replacement of the reticle 
lamp with the spare. If this is done, write 
it up in Form 781-2 so that the spare may 
be replaqed. 


Before landing, check to see that the 
driftmeter is caged, then check to see that 


the index pointer is on the drift scale. This 
is the position where the glass in the objec- 
tive head of the instrument is facing aft, 
so that stones or pebbles will not break the 
glass. 


Turn OFF the driftmeter. Replace the dust 
cover. 


TABLE FOR DETERMINING DISTANCE FROM AN OBJECT 
BY USE OF THE TRAIL ANGLE OF THE DRIFTMETER 


1. Place object under the center crosshair of the grid and read trail angle. 


2. Enter table with true altitude being flown and the trail angle, and read the range. 


Altitude 6000 6500 7000 7500 
Range 


43.1° = 41.3° 
61.9 60.1 
70.4 69.0 
75.0 73.9 
77.9 77.0 
79.9 79.1 
81.3 80.6 
82.4 81.8 
83.2 82.7 
83.9 83.4 
85.0 84.5 
85.7 85.3 
86.2 85.9 
86.6 86.5 
86.9 86.7 
87.5 87.4 


8000 8500 9000 9500 10000 Altitude 


34.1° = 32.7° 
53.6 52.1 
63.8 62.5 
69.7 68.7 
73.5 72.6 
76.2 75.4 
78.1 774 
79.5 79.0 
80.7 80.2 
81.8 81.1 
83.0 82.6 
84.0 83.6 
84.7 84.4 
85.3 85.0 
85.8 85.5 
86.6 86.4 





Range = Absolute Altitude X tan trail angle. 
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CONTROLLED ETA’S 


Flight planning for combat operations 
often requires planning a specific arrival 
time at an IP or rendezvous. Several meth- 
ods may be used for gaining or losing time. 
When very accurate timing is required, pre- 
cision turns and the time needed in the 
maneuver must be considered. The best 
known wind effect should be computed in 
the particular control procedure used. 


CONTROLLED TAKEOFF 


A controlled takeoff time is the most im- 
portant single factor affecting a specified IP 
or rendezvous time for a particular mission. 
The takeoff time should be precomputed with 
an adequate time allowed for adverse winds 
in order to make good the specified time. It 
is advisable on long missions to set control 
points en route so that time can be gained 
or lost easily. At least one leg of the planned 
mission should include a dogleg to allow the 
aircraft to make up necessary lost time. 


STANDBY PREFLIGHT 


The standby preflight method of control- 
ling an ETA is primarily a method of mak- 
ing up time when finding that arrival at the 
control point will be late. 


1. Construct a point A on TC, back from 
the turning point B an arbitrary distance 
(120 nm). 


2. On TC, construct point C also 120 nm 
from B. 


3. Connect points A and C and label TC3. 
Figure the time to go from A to C via point 
B (at a constant GS of 180k, the time is 80 
minutes). Figure the time to go directly 
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from A to C (55 minutes). The difference 
in time is the amount saved (25 mintues). 


4. Divide the arbitrary distance, 120 nm, 
by the amount of time saved, 25 minutes. 
The result is 4.8 nm. If points were con- 
structed 4.8 nm back from points A and C, 
another potential turn can be made to save 
an additional one minute of time. For con- 
venience, however, construct points where a 
saving of 5 minutes could be made, or every 
24 nm. At the next point, there would be a 
saving of 10 minutes, and so forth. 





CONTROL 
DEPT. POINT 


Controlled ETA's 


DOGLEGS 


This method is especially advantageous 
when flying cruise control as no change in 
airspeed is required. The dogleg may be 
only a short double drift or can be accom- 
plished over a large area depending on the 
amount of time to be lost. Procedure turn 
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allowance must be considered for formation 
flying. Three variations of the dogleg method 
are shown. 


60° TURN METHOD 


For 14 needle width turn, take total time 
to be lost and deduct one minute; this repre- 
sents approximately the forward distance 
lost in all three turns. The remaining time 
represents time to be flown on each leg 
after the rollout from each turn (e.g., if 
three minutes are to be lost, two minutes will 
be flown on each leg). Initially, turn 60° 
from the true heading, and after the rollout 
fly the length of time computed for the first 
leg. Next, turn 120° toward the original 
heading and after the rollout fly the required 
length of time. Return to the original head- 
ing. 


NOTE: When making full needle 
width turns, only 14 minute of for- 
ward motion (on original course) 
is lost because of the turns. When 
making 14, needle width turns, two 
minutes of forward motion is lost. 
Inaccuracies will be incurred be- 
cause of wind, especially in a 
strong wind condition, or if the legs 
are extended over five minutes. 


PERPENDICULAR BISECTOR METHOD 


This method has an advantage over all 
other methods of controlling the ETA in 
that the solution of the problem does not 
have to be completed until the point of turn 
is reached. Additionally, the initial heading 
is, in a large measure, arbitrary and thus 
allows a wide choice in its selection. 


1. Determine the air distance for remain- 
ing flight time and plot this distance on any 
desired off-course heading (TH;). 


2. Draw the wind vector for the remain- 
ing flight time with its head on destination. 


3. Connect the end of the air distance 
vector to the tail of the wind vector and 
draw a perpendicular bisector to this line 
to intersect TH. 


6-2 








AIR DIST. FOR 
REMAINING PERP. 
FLT. TIME BISECTOR 


W/V FOR 
REMAINING 


J FLT. TIME 


DEST. 


Perpendicular Bisector Method 


4. Connect the point of intersection to the 
tail of the wind arrow for TH. and Air Dis- 
tances. 


5. ETA to turn is computed from the 
length of the TH, and TAS. 


ARC METHOD 


From a fix or DR position, note the time 
to run from that position to the control time 
at destination. Plot the wind effect for the 
time to run, with its head on destination. 
Compute the air distance for the time to run 
and divide into equal or proportional parts. 
Swing arcs from known position and tail of 
wind component to obtain true headings. 
The example shows two solutions to the 
same problem. 


AIR DISTANCE=TAS xX TIME TO FLY 


(DISREGARDING ~ -AIR POSITION FOR 
CONTROL TIME) CONTROL POINT TIME 


WIND FOR 


2/3 AIR DISTANCE ‘* 1/3 AIR DISTANCE 40 MIN. 






aA 


‘ 7; 
POSITION os a: 


0830 Thy TC A_ yy ay 
By, whe DESTINATION 
CONTROL 
%, AIR DISTANCE Vy AIR DISTANCE TIME 0910 
Arc Method 


a002090920202029299°9898028928202@0e2@0@8@28 @ 4 











— arene 


eh 


SESCSSSCECCSCEEE 





@ 


»> © © © © © © © SEARCH 


SCOUTING DISTANCE 


RADIUS OF VISIBILITY 


SCOUTING LINE 


BASE 
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Search Terminology 


SEARCH TERMINOLOGY 


Radius of Visibility. Radius of a circle 
from the center of which the object can be 
seen in any direction. (See A in Search Ter- 
minology.) 


Scouting Front. The distance in miles 
measured along the scouting line between 
the limits of visibility of the two extreme 
scouts on the scouting line (B in illustra- 
tion). 


Scouting Line. A _ straight, broken, or 
curved line on which scouts are located in 
formation suitable to cover a definite pattern 
(C in illustration). 


Position Circle. Circle covering all pos- 
sible points where the object may be located 
(D in illustration). 


Scouting Distance. The distance in miles 
between adjacent aircraft on the scouting 
lines (£ in illustration). 


SEARCH PATTERNS 


A good search pattern must meet two 
main requirements, complete coverage and 
pattern simplicity. 


COMPLETE COVERAGE 


A search pattern should be planned to 
permit coverage of the entire area assigned. 
It should not contain time loopholes which 
would permit a moving object to escape de- 
tection by shifting its position from a part 
of the area which will be searched to a part 
of the area already searched. 


SIMPLICITY 


A good search pattern must be as simple 
as possible to minimize navigational errors. 


BASIC PATTERNS 


The basic procedures for all search pat- 
terns are: 


1. Fly at an altitude of about 500 to 1,000 
feet. 


2. Obtain wind direction and velocity. 


3. Determine effective visibility (1.8 times 
the estimated visibility). 


Search patterns will vary according to the 
primary area. However, several basic pat- 
terns can be employed to suit different situ- 
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ations. Some of the search patterns are the 
parallel, radial, Y-search, and square. 


PARALLEL SEARCH 


Fly the first leg to the left, parallel to the 
longest side of the area to be searched. Cor- 
rect for drift. 


The second and following legs are to be 
two times the effective visibility apart, and 
parallel to the first leg. (See Parallel Search.) 


1; 






2X E. VIS 


Parallel Search 


ae eee ee ee 
BL BY. iy 
\ / 
DISTANCE / 
VISIBILITY AREA TO BE 
\ / SEARCHED 
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Radial Search 


RADIAL SEARCH 


The illustration shows a radial search 
where a number of aircraft fly different 
radial lines from a given base. 
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Y-Search 


Y-SEARCH 


If a sector, such as a bay, is to be 
searched, the Y-type search may be em- 
ployed, as shown in the illustration. 


SQUARE SEARCH 


When it is desired to locate an object 
whose approximate position is known, as 
an aircraft forced down at sea, it is cus- 
tomary to proceed first to the most probable 
position of the object and, if the object is 
not sighted, start a square search from that 
position. 


From the last reported position, plot the 
first leg into the wind, two times the effec- 
tive visibility. Make a 90° turn. The second 
leg is flown a distance of two times the 
effective visibility. The third and fourth legs 
are four times the effective visibility; fifth 
and sixth legs are six times the visibility, 
etc. Continue expanding the search pattern. 


RK, 





V=SIGHTING DISTANCE % 


Square Search 
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FACTORS OF INTERCEPTION 


To solve the interception problem, the fol- 
lowing five factors must be known: 

1. Groundspeed of the target. 

2. Position of the target. 

3. Course of the target. 

4. True airspeed of the interceptor. 
5 


. Wind direction and velocity. 


INTERCEPTION PROBLEM 


Referring to the accompanying illustra- 
tion, the interception problem is solved as 


follows: 
Example: 
Given: GS of the target 200k 
Course of the target 075° 
Position of the target Point A 
Wind direction and 
velocity 280/30k 


TAS of the interceptor 200k 


Find: Rate of closure 
TH to intercept 
Time of interception 
Place of interception 








TARGET AIRCRAFT 


LINE OF CONSTANT BEARING 


0800 By» 
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Solution: 


1. Find positions of interceptor and target 
at a common time (0800), by DR’ing ahead 
using their respective tracks and ground- 
speeds. 


2. Draw a line (a line of constant bear- 
ing) between the target (A) and the inter- 
ceptor (B) at the common time of 0800. 


3. Plot a ground position (G) for the tar- 
get at 0830. 


4. From the ground position (G) of the 
target at 0830, draw a line of parallel bear- 
ing, parallel to the line of constant bearing. 


5. Attach the tail of the wind vector (one- 
half hour of W/V) to the interceptor’s posi- 
tion of 0800. 


6. Using a radius of one-half hour of TAS 
and a center at the head of the wind vector 
(C), swing an arc across the line of parallel 
bearing, to find point F. 


7. Draw a line from the interceptor (B) 


through (F') to the intersection of the tar- 
get’s course at point (J). 


LINE OF PARALLEL BEARING 


INTERCEPTOR cei : 
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TIME OF INTERCEPTION 


Rate of closure, TH to intercept, and time 
and place of interception can be determined 
from the diagram. 


There are three ways to find the time of 
interception : 


1. Measure the distance along the target’s 
course and compute the time, using target’s 
GS. 


2. Measure the distance along the inter- 
ceptor’s course and compute the time, using 
interceptor’s GS. 


3. Determine the rate of closure. (The 
initial distance to close is measured along 
the line of constant bearing for 0800. After 
one-half hour, the distance FG is left to 
close. The difference between AB and FG 
as expressed on an hourly basis is the rate 
of closure.) The rate of closure versus the 
distance to close along the line of constant 
bearing will give the time to run to inter- 
ception. 


CHANGING FACTORS 


If the target changes course or speed dur- 
ing the interception run, this must be taken 
into account if interception is to be accom- 
plished. When the change is known in ad- 
vance, a single solution can be made. It is 
done by projecting the position of the target 
back to where it would have been at the 
start of the problem if it had been on the 
final course and speed during the entire in- 
terception run. If the target changes course 
several times, the track at the time of inter- 
ception must be used in running back the 
position to the common starting time. 


LEAD OR LAG 


Perfect interception can be difficult under 
adverse weather circumstances or instances 
where the problem extends over periods of 
time longer than one hour. For this reason, 
a lead or lag in the problem can be intro- 
duced to insure interception. By lagging the 
target, we place a fictitious target back a 
certain distance from the actual position and 


6-6 


compute the interception. When we reach 
the interception point, we turn down the 
course of the target and follow until we 
catch it. Time to run after this turn may 
be found by the formula: 


Interceptor GS — Target GS LAG 
60  t 


The same problem can be worked by leading 
the aircraft so that we intercept a given 
distance ahead of the target, and turn onto 
the target’s track to meet it. Time to run 
after turn may be found from the formula: 


Interceptor GS + Target GS LEAD 
60 — t 


COMPUTER PROBLEM 


The interception problem for slow moving 
objects such as surface vessels can also be 
solved on the vector face of the computer. 
The procedure is as follows: 


Example: 
Given: Wind direction and 100° /32k 
velocity 

Ship’s course 200° True 
Ship’s speed 24k 
Line of constant bearing 171° 
Distance to close 94 nm 
TAS 180k 


Find: TH to intercept 
Drift and TC to intercept 
Groundspeed to intercept 
Rate of closure 
Time to intercept 


Solution: 


1. Place the rectangular grid under the 
transparent disk. 


2. Set the wind direction (100°) under 
the true index. 

3. Draw the wind vector down from the 
grommet (32k). 
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4, Rotate the compass rose until the ship’s 
course (200°) is under the true index. 


5. Move the slide until the top line of the 
rectangular grid is on the head of the wind 
vector. Draw a line down, parallel to the 
grid lines and equal in length to the ship’s 
speed (24k). Label this point S. 


6. Rotate the compass rose until the ship’s 
bearing (171°) is under the true index. 


7. At the end of the ship’s arrow (point 
S) draw a line parallel to the vertical grid 
lines. 


8. Reverse the slide to place the circular 
grid under the transparent disk, with the 
true airspeed of the interceptor (180k) 
under the grommet. 
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9. Rotate the compass rose until the ver- 
tical line last drawn is parallel to the nearest 
drift line on the slide. 


10. Read the true heading to intercept 
(165°) at the true index. 


11. Read the drift 10° right at the head 
of the wind arrow and the true course to 
intercept (175°) under the 10° right drift 
mark on the upper scale. 


12. Read the groundspeed to intercept 
(170k) at the head of the wind arrow. 


13. Read the rate of closure (148k) at 
the head of the ship’s arow (point S). 


14. If using the slide rule face, set the 
arrow at the rate of closure (148k), and 
under the distance to close (94nm) read the 
time to intercept (38 minutes). 
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COMPUTER SOLUTIONS 


TO THE SAME BASE 


Method 1: 


x as and R/A =txGS, 
Where t = Time on course out 
T =Hours available fuel (less reserve) 
GS, =Groundspeed out 
GS, =Groundspeed to return 
R/A =Radius of action 


‘Method 2: 


_T,, (TAS—(windspeed)? Secant 
<90 Ae x Drift 


Angle 


R/A 


On Course 
Drift Angle Secant 





TO ALTERNATE BASE 


Graphic Method 


The formulas for computing R/A to an 
alternate base are: 


x -sty and R/A =txGS 

Where t = Time on course out 
S: =Rate of departure 
S. = Rate of return 


HI =Hourly increment 
(Distance between bases) 


(Flight in hours) 
T =Total hours fuel minus reserve. 





Radius of Action to Alternate Base 


Computer Method 
1. Plot W/V on DR Computer grid. 


2. With bearing from departure point to 
alternate base under the index, draw HI down 
from the end of the wind vector. 


3. Place course to patrol under index and 
draw vertical line at the end of the wind arrow. 


4. Place TAS under grommet. Rotate com- 
puter face until vertical line is parallel to drift 
line (TH under index, GS at wind arrow, S, at 
end of HI). 


5. Draw line parallel to drift line at end of 
HI arrow. 


6. Shift face of computer until the line drawn 
from HI is now parallel to drift line on opposite 
side of centerline. (Read TH under index, GS, 
opposite wind arrow, S. opposite end of HI 
arrow.) 


EQUAL TIME POINT (ETP) 


ETP (in miles) — GSr 


D; ~ GSk+GS- 
Where D; =Total distance from departure to 
destination 


GSr =Groundspeed to return 
GSc =Groundspeed to continue 






TH, 


TAS 
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LINE OF SAFE RETURN (LSR) 


LSR (in gal. or Ibs.) GS, 
T ~ GS.+GS8, 
Where T =Total actual takeoff fuel less fuel for 
alternate and holding purposes at 
departure 


GS, =Groundspeed out 
GS, =Groundspeed to return 


ZN OR LATERAL DISPLACEMENT 
FROM TRUE HEADING 


ZN (in miles) D,—D, 


K ~ (BE) TAS 
Where K =K factor constant for midlatitude of 
soundings 


D., D,; =D soundings 
(KE) TAS =Effective true airspeed between 
soundings 


BELLAMY DRIFT ANGLE (DA) 


DA _ ZN 
57.38 Ground Distance 
Where Ground Distance =Ground distance cov- 
ered between sound- 
ings 
ZN =Lateral displacement 
DA =Drift angle 
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GROUNDSPEED BY TIMING 


GS _ AA (in feet) 
K - t (in seconds) 
Where K =K-factor 
AA =Absolute altitude 
t =Time 


C-PLOT FORMULA 
dp 
‘t ttp 
Where d =Perpendicular distance from DR 
position to MPP 
t =Time run from last reliable position 


p =Perpendicular distance from DR 
position to the LOP 


COMPUTER CONVERSION FACTORS 





ADI Fluid (Gal) 1 

Pounds 7.5 
Feet 82 
Meters 25 

Miles per hour (MPH) 15 
Feet per second 22 
Nautical miles 34 
Kilometers 63 
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There are three basic types of climb pro- 
cedures for conventional aircraft: the con- 
stant rate of climb (average method), the 
constant basic airspeed (two-thirds method 
or long climb), and the climb to a very high 
altitude (zone method). 


CONSTANT RATE OF CLIMB 
(AVERAGE METHOD) 


1. The navigator will preflight the climb 
leg using midaltitude and average tempera- 
ture to determine TAS. The metro wind for 
the climb will be the average of the metro 
winds for the various levels through which 
the aircraft will pass. 


2. During the climb, take the temperature 
readings; determine the average true air- 
speed during the climb from the instrument 
indications. Read the drift if possible. 


3. Using the metro wind and the instru- 
ment readings taken during the climb, plot 
a DR position for the time of level-off. 


4. Obtain a precision fix and a new wind 
as soon as possible after level-off. 


CONSTANT BASIC AIRSPEED METHOD 
(TWO-THIRDS METHOD OR LONG CLIMB) 


1. To altitudes above 20,000 feet, an air- 
craft holding a constant true airspeed will 
spend the same amount of time in the lower 
two-thirds of the climb as it will in the 
upper one-third. Therefore, the altitude 
chosen for TAS computation during pre- 
flight will be the two-thirds altitude. For 
example, on a climb to 27,000 feet, the alti- 
tude at the midtime of the climb should be 
18,000 feet. 


2. If as much time is spent in the upper 
third of the climb as in the lower two-thirds, 
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the effective wind must be computed on this 
basis. Average the winds up to the two- 
thirds altitude; do the same for the winds 
from the two-thirds altitude to flight alti- 
tude. The resultants are average winds for 
even time increments and can be averaged 
together to produce the most probable effec- 
tive wind in the climb. 


3. The inflight procedures are substantial- 
ly the same as for the average method, with 
the exception that DR positions or fixes will 
be obtained either at equal altitude incre- 
ments or at equal time increments. 


CLIMB TO VERY HIGH ALTITUDE 
(ZONE METHOD) 


1. Very heavy aircraft climbing to ex- 
treme altitudes experience a rapid falling 
off in rate of climb as the service ceiling of 
the aircraft is approached. The rate of climb 
levels off at such a rapidly changing rate 
that it is virtually impossible to determine 
the average rate for the entire climb. There- 
fore, it becomes necessary to divide the 
climb into segments or- zones, usually of 
equal altitude increments. Hence, a climb 
through 40,000 feet could be broken down 
into four segments of 10,000 feet each, or 
five segments of 8,000 feet each. 

2. The two-thirds method should be ap- 
plied to each segment with the average rate 
of climb for each altitude band being taken 
separately from the appropriate perform- 
ance table. 


DESCENT ON COURSE 


A sufficient amount of time should be al- 
lowed prior to the point of descent for plan- 
ning purposes. The flight altitude wind 
should be compared to the metro wind at 
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that altitude to see whether the metro can 
be relied upon. If so, it is a matter of estab- 
lishing a heading to make the flight plan 
DR point of descent good and determining 
the ETA for this position, at which time 
the descent will be started. If the flight alti- 
tude wind does not agree with the forecast, 
an adjustment factor can be computed in the 
following manner: 


Metro W/V at flight altitude 320/45 
Flight altitude W/V 280/40 
Adjustment factor —40° /—5k 
Average metro descent W/V 200/17 
Adjustment factor —40/—5 


Adjusted average descent W/V 160°/12k 


The descent problem can be solved as 
follows: 
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1. Compute the time to descend at a con- 
stant rate of descent. 


2. Find the mean temperature and the 
midaltitude by using an average lapse rate 
of 2°C per 1,000 feet of altitude. Compute 
the TAS. 


3. Plot the best known W/V for descent, 
placing the head of the wind arrow on des- 
tination. The length of the wind vector will 
depend upon the duration of descent and 
the velocity of the wind. 


4. Extend the track from the last known 
position. From the tail of the wind vector, 
arc off the amount of true air miles for the 
descent across the track. This intersection 
is the DR position to start descent. From 
this intersection to the tail of the wind 
vector is the TH. 


5. Determine the ETA for letdown and 
the ETA for level-off over destination. 


=. 
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The Flight Plan Graph (FPG) provides a 
constant means of determining the amount 
of time or distance an aircraft is ahead of 
or behind the flight plan. 


GRAPH CONSTRUCTION 


Plot departure, destination, and the true 
course line on a Mercator chart. On a true 
course with a predominant east-west com- 
ponent, such as illustrated, latitude is used 
as a time scale as shown, with one degree 
representing one hour of time. After depart- 
ing, label the time scale, starting at a con- 
venient parallel and increasing in the same 
direction as the north-south component of 
true course. Project the point of departure 
vertically to the time of departure on the 
time scale. Kind the preflight ETA’s to com- 
pulsory reporting points, zone terminals 
(intervals of longitude), and destination. 
Project these points vertically to the respec- 
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tive ETA’s on the time scale. Connect the 
projected points on the time scale to form 
the Flight Plan Graph (FPG). 


USE OF THE GRAPH 


To find the amount of time ahead or 
behind: 


1. From each fix, draw a line perpendicu- 
lar to the true course line, to find the on 
course distance made good. 


2. Project this point on the true course 
line vertically to the FPG. 


3. From this point on the FPG, proceed 
horizontally to the time scale. The time thus 
found is the time the aircraft should have 
arrived at the fix position, according to pre- 
flight. 


4, Compare this time with the actual] time 
of the fix to find how much the aircraft is 
ahead of or behind the flight plan. 


Flight Plan Graph 
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OTHER CASES 


On true courses with a predominant north- 
south component, longitude is used as the 
time scale, one degree per hour. Distance 
made good is projected horizontally to the 
time scale. 


In all cases, the time scale is constructed 
so that the FPG will not cross the true 
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course line. This is accomplished by compar- 
ing the difference of longitude or latitude 
between departure and destination with the 
total en route flight plan time. Since it is 
desirable that the FPG be fairly close to 
true course, it may be advantageous to re- 
value the time scale at one or more zone 
terminals in some cases. 
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FLIGHT PLAN 


Estimate gross weight, using approximate 
fuel load. 


Compute density altitude on MB-4, or 
E-10 Computer, using flight level pressure 
altitude and average forecast temperature. 


Select proper fuel chart for the particular 
aircraft. 


Using approximate flight time, find aver- 
age TAS on the Fuel Planning Chart. 


Compute DR portion of the flight plan 
for the several zones of the routes. (Stand- 
ard Flight Plan, Columns B, C, D, E, F, G, 
H, I, L, M, N, O, P, Q), including terminal 
and departure alternates. If the first leg in- 
cludes a climb on course and en route TAS is 
used for the preflight, add 144 minute per 
thousand feet to the zone time for that leg 
and enter result in Column J. Complete Col- 
umn J for remaining zones. 


Compute wind component for each zone 
(GS-TAS) and enter in Column R. 


Designate zone terminals at approximate 
level-off and points approximately 25%, 
50%, 75% and 100% of the total distance 
as fuel points (1), (2), (3), (4), and (5) 
(Standard Flight Plan, Column A). For less 
than 1500 nm, approximate L.O., 50%, and 
100% are designated (1), (2) and (8). 


Using cumulative flight time and Fuel 
Planning Chart, find cumulative fuel con- 
sumed at the fuel points. Enter in Column 
K, Standard Flight Plan. 


Using time and distance to the 50% point, 
compute average groundspeed for first half 
of the mission. Find the wind component for 
the first half of the mission (average GS- 
TAS). Similarly, find the wind component 
for the second half of the mission, using 
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time and distance run from the 50% point 
to destination. Enter these wind components 
in column S, Standard Flight Plan. 


Determine holding time: 

1. Alternate available, 114 hours. 
2. Alternate unavailable, 2 hours. 
3. Above 59°N Latitude, 2 hours. 


Add enroute time, time to terminal alter- 
nate, and holding time, to find total time 
(Item 4, Time Analysis, Standard Flight 
Plan). 


From Fuel Planning Chart, find fuel for 
total time. Enter in Item 5B, Fuel Analysis, 
Standard Flight Plan. 


Find enroute reserve (fuel for 10% of 
enroute time, not to exceed one hour): En- 
route reserve equals fuel for enroute time 
plus 10% of enroute time, minus fuel for 
enroute time. (Find two values on Fuel 
Planning Chart). Enter enroute reserve in 
Item 6B, Fuel Analysis, Standard Flight 
Plan. 


Add enroute fuel, enroute reserve, and 
planned extra fuel, to find planned take-off 
fuel. Enter in Item 8B, Fuel Analysis, Stand- 
ard Flight Plan. 


In Fuel Planning Manual find taxiing and 
run-up fuel. Add to planned take-off fuel to 
find planned total service. (Item 10B, Fuel 
Analysis, Standard Flight Plan). 


From the actual total fuel put aboard 
(actual total service, Item 10C, Fuel Anal- 
ysis, Standard Flight Plan), subtract taxi- 
ing and run-up fuel to find actual take-off 
fuel. (Item 8C, Fuel Analysis, Standard 


Flight Plan). 


Find total pro rata fuel by subtracting 
fuel for total time from actual take-off fuel. 
Enter in Item 11B, Fuel Analysis, Standard 
Flight Plan. 
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Yompute the Equal Time Point, ETP 
yint along route at which it will take as 
g to continue to destination as to return 
departure. Lower left, Standard Flight 
Nn). 


ETP (in nm) _ Total Dist 
GSr ~ GSc+GS8nr 


ere GSr =GS returning from approximate 
midpoint to departure (apply first 
half wind component with reverse 
sign to TAS) 


GS. =GS continuing from approximate 
midpoint to destination (TAS plus 
second half wind component) 


ETP (in nm) GS; 
Time to ETP 60 


ere GS, =GS from departure to approximate 
midpoint (TAS plus first half wind 
component). 


Jompute the Point of Safe Return, PSR 
rthest point along the route to which the 
craft can go and still return safely to 
sarture with holding and departure alter- 
te fuel remaining. Lower middle, Standard 
ght Plan). 


GS, _GSi+GS8, 
t. TT. 





vere GS, =GSz 


GS, =GS from departure to approximate 
midpoint 


Sit GS, =2 times TAS 


T =Total actual take-off fuel con- 
verted to time (using Fuel Planning 
Chart) minus holding time and time 
to departure alternate 


t =time to PSR 


PSR (in nm) GS; 
t 60 


RANGE CONTROL CHART 
Label the vertical fuel scale on the left, 


starting with zero at the bottom and allow- . 


ing the major blocks to represent convenient 
increments of fuel. Similarly, label the dis- 
tance scale at the bottom, starting with zero 
at the left. Draw a horizontal line across the 
graph representing actual take-off fuel. 
Draw a vertical line on the graph represent- 
ing total distance to destination. 


Plot planned fuel consumption against 
distance to the designated points (L.O., 25%, 
00%, 75% and 100%). Connect these points 
to form the planned consumption curve. 
(PLANNED on Range Control Chart). 


To the planned fuel consumption at the 
designated points, add proportionate 
amounts of the pro rata fuel: 14 at 25%, 
14 at 50%, etc., to find maximum fuel con- 
sumption. Use Chart Construction Data 
block on Range Control Chart. Plot maxi- 
mum consumption against distance and con- 
nect points to form maximum consumption 
curve. (MAX. on Range Control Chart). 


Label the segment of the total distance 
line between MAX. and the take-off fuel line 
A & H (alternate and holding). 


Label the segment of the total distance 
line between PLANNED and MAX., R & E 
(reserve and extra). In flight, recompute 
the ETP and PSR using actual wind com- 
ponent for first half of flight. This should be 
accomplished by an hour before the ETA to 
ETP. 


At regular intervals, determine from pilot 
or engineer the amount of fuel remaining. 
Enter in indicated block on Range Control 
Chart, and compute total fuel consumption. 
Plot total fuel consumed against total dis- 
tance run. Label plotted points with time 
and connect to form actual consumption 
curve. 


If the actual consumption curve falls con- 
sistently above the maximum consumption 
line, an early return to departure should be 
planned. In such cases it is especially im- 
portant not to rely on the preflight PSR. 
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JET RANGE CONTROL 


Jet range control has essentially the same 
objective as that for propeller driven air- 
craft—the ability to reach the destination 
with the required reserve for delays and pos- 
sible diversion to an alternate airport. The 
operational characteristics of jet-powered 
aircraft, however, require more considera- 
tion of weight, speed, altitude, and non- 
standard temperature variations. Flight 
planning starts with the fuel desired over 
destination and then proceeds by adding in- 
crements of requirements in inverse order: 
descent, cruise, and climb. The Range Con- 
trol Chart shows a plot of fuel on hand 
versus miles to go, against which the navi- 
gator plots the measured quantity of fuel 
aboard for the times of his fixes. These 
points should plot above the fuel-required 
line. The line of safe return is shown, as is 
the critical point, which marks the point of 
safe return in the event one engine fails. 


6-20 


Normally, jet aircraft do not fly at a con- 
stant altitude. Climb is rapid until the sta- 
bilizing height is reached, where engine 
thrust equals the drag of the aircraft. The 
cruising phase begins at this time. Altitude 
during cruise depends upon weight and air 
temperature. Weight becomes less as fuel is 
consumed, and the aircraft generally climbs. 
A decrease in air temperature increases the 
thrust and also the rate of climb. An in- 
crease in air temperature flattens or elint 
inates the climb. Consequently, the descent 
is started from a lower altitude and more 
fuel is consumed. Since the descent normally 
starts from a much higher altitude, more 
importance is attached to these phases than 
with propeller-driven aircraft. 

The many variables in jet engine opera- 
tion increase the complexity of jet range 
control. Because of the high fuel consump- 
tion of jets, generalized procedures are not 
attractive. It is customary to devise and use 
the best technique for each type aircraft. 
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When flying over water at 2,000 feet or 
under, wind direction and velocity may be 
estimated from the appearance of the sur- 
face of the water. 


WIND DIRECTION 


Crest lines of the waves on the surface 
are perpendicular to the direction of the 
wind. The foam of white caps formed on the 
water always appears to slide into the wind. 
When no definite line of waves is apparent, 


AF MANUAL 51 40 VOL III MAY 1959 


eo @ @ @ © © © WIND FROM OBSERVATION OF THE WATER 


there may be streaks in the water parallel 
to the wind direction. These streaks are 
called wind lanes. 


WIND VELOCITY 


Surface Velocity (in knots) 
Condition 

No white caps 0-10 

A few white caps 10-20 

Many white caps 30-40 


Many white caps with spray 40 plus 
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Symbol Item 


Station 


Sky Cover 


E30 @® Ceiling 


Visibility 


Section 


identification 


'@ @@ @ © @ @ e WEATHER 


Interpretation 


Indicated by call letters. Call letters and all 
abbreviations are available at weather offices. 


Figures represent hundreds of feet (15 — 
1,500 feet). Symbol indicates amount of cover: 
© — Clear; less than .1 of sky covered. D — 
Scattered; .1 to .5 of sky covered. D@ — 
Broken; .6 to .9 of sky covered. ® — Overcast; 
completely covered. ‘X"’ will be used instead of 
these symbols whenever fog, dust, smoke, or 
precipitation obscure the sky; -"X" is for partial 
obscuration. If clouds are at varying levels, two 
or more sets of figures and symbols are entered 
in ascending order of height. 


The ceiling figure will always be preceded by 
one of the following letters: R — RAOB height; 
E — estimated; M — measured; W — in- 
definite; B — balloon; P — precipitation; A — 
reported by aircraft. If the ceiling is below 
3,000 feet and is variable, the ceiling symbol 
will be followed by the letter “V,"' and in the 
remarks the range of height will be indicated. 
(Cirriform clouds only: D — estimated height; 
/ — height unknown.) 


Figures represent miles and fractions of miles. 
Followed by “V" if less than 3 miles and 
variable. If the visibility is 6 miles or less, the 
reason is always given under ‘Precipitation’ 
or “Obstruction.” 
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INTERPRETATION OF WEATHER REPORTS SENT BY TELETYPE 
DCA 15 E30@ 11/2VTRW-BD 152/68/60 -\18+30 | 1618E/996/DRK NW VSBY 1V2 


Translation 


Washington, D. C. 


Scattered clouds at 1,500 
feet. 


Ceiling estimated 3,000 
feet. 


Visibility 1¥%2 miles vari- 
able. 


R — Rain; L —drizzLe; E — slEet; A — hAil; Thunderstorm; light rain 
S — Snow; W — shoWers; T — Thunderstorms; shower. 

Z — freeZing; P — small Pellets; when followed 

by + meaning heavy, or by — meaning light. 

Item omitted if there is no_ precipitation. 

Tornado, waterspout, and funnel clouds are 

spelled out. 


Precipitation, 
thunderstorm, 
or tornado 
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_ 
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INTERPRETATION OF WEATHER REPORTS SENT BY TELETYPE—Continued 
DCA 15 E30® 11/2VTRW-BD 152/68/60 —\18+30 { 1618E/996/DRK NW VSBY 1V2 


Symbol Item Interpretation Translation 









BD Obstructions F — Fog; H — Haze; D — Dust; N — saNd; Blowing dust. 
to vision K — smoKe; when preceded by B — Blowing; 
G — Ground; !| — Ice. 













152/ Pressure Stated in millibars using same system as on the Pressure 1015.2 millibars 
weather map (omitting initial 9” or 10”). 
















Temperature In degrees Fahrenheit. Temperature 68°F. 












Dew point In degrees Fahrenheit Dew point 60°F. 













4 1618E/ Wind direction is shown by arrows, either singly Wind West-northwest 18 
or in combination: | — North; 44% —North- knots; gusts to 30 knots; 
northeast; » — Northeast; ~<- 4 — East- wind shift from south at 
northeast; ~- — East, etc. Wind speed is 4:18 p.m., Eastern time. 






indicated in knots. (C for calm.) If followed by 
-+ — gusts; figures following the -+ indicate 
intensity of the gust peaks; E — Estimated. If a 
wind shift has occurred at the station, it is 
indicated by an additional arrow, followed by 
figures showing time of shift. 











996/ Altimeter Barometric pressure in inches for the setting of Altimeter setting at 29.96 
setting altimeters on aircraft. Given in three figures in. Hg. | 

with the initial 2 or 3 omitted. A number 

beginning with 5 or higher presupposes an 

initial 2; a number beginning with 4 or lower 

presupposes an initial 3. (993 — 29.93; 102 

— 31.02, etc). 














DRK NW Remarks Any additional remarks are given in teletype Dark overcast to the North- 

VSBY 1V2 symbols and in abbreviations of English words. west. Visibility variable 1 
Any items which are normally sent, but for some to 2 miles. 

reason are missing from the transmission, are 

represented by the letter “M.” 
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ee e e e e © e PRESSURE DIFFERENTIAL 


TABLE K-FACTORS 





DEFINITIONS MIDLATITUDE _K  MIDLATITUDE 
> 20° 39° 
| 21° 40° 
® “D” Reading Radar altitude minus 29° 41° 
pressure altitude . 
(RA -PA). ae ae 
24° 
Effective Air Straight line air dis- 25° 
Distance (EAD) | tance between “D” 
readings. 26° 
— , , 27° 
Effective Air Path | Straight line air path 
(EAP) between “D” read- 28° 
= ings. 29° 
4 Effective True EAD divided by 30° 
: Airspeed (ETAS) | elapsed time between 31° 
@ “D” readings. 
32° 
Crosswind Lateral displacement 
Component (ZN) | from EAP _ between 9 
“D” readings. a 
K-Factor ZN computation fac- | 
tor. Varies with lati- 10 
tude. Found in Table Dail 
K-Factors or on DR 
computer. 11 
Y-Factor Bellamy drift compu- _, 4N  _De—D: , 
tation factor. Varies ZN computaion'proportion: K-Factor ETAS 
with latitude, TAS, (This proportion can easily be set up on the 12 | 


and GS. Found in 


Table of Y-Factors. computer. ) 


In plotting the PLOP, follow these rules: 
Pressure Line of LOP plotted parallel 
Position (PLOP) | to the EAP at ZN dis- 1. If ZN is minus, plot to the right in the 
tance from the EAP. Northern Hemisphere—to the left in the 
Southern Hemisphere. 
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2. If the ZN is plus, plot to the left in the 
Northern Hemisphere—to the right in the 
Southern Hemisphere. 


PROCEDURES 


Set 29.92 in the “Kollsman” window of 
the altimeter. Do not change this setting 
while using pressure differential. Read the 
radar altitude, and the pressure altitude. 
Tap the pressure altimeter lightly before 
reading. Obtain four or more readings in 
the above manner as close to fix time as 
possible—some before, some after the speed- 
line. Repeat readings at desired intervals 
(usually 20 to 30 minutes). Substitute data 
in formula and solve. Plot PLOP parallel to 
the effective air path at ZN distance from 
the air position for the time of the PLOP 
in the direction indicated by the sign of 
the ZN. 


BELLAMY DRIFT 


Bellamy drift may be found in two ways 
using the DR computer. One method uses 
the wind face of the computer, and the other 
uses the slide rule. The wind face solution is 
considered to be the more accurate of the 
two. 


WIND FACE COMPUTATION 


First compute ZN. Set wind side of com- 
puter to any cardinal heading and draw ZN 
up from the grommet. Turn compass rose 
90° right if ZN is to the right or 90° left 
if ZN is the left. Move slide up or down 
until the end of the ZN vector is over the 
estimated ground distance run between ‘‘D’’ 
readings. Read Bellamy drift correction 
angle (BDCA) at end of ZN vector. As a 
check, the sign of BDCA (plus or minus) is 
the same as the sign of ZN in the Northern 
Hemisphere, the reverse in the Southern 
Hemisphere. 
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SLIDE RULE COMPUTATION 


First, compute ZN, then substitute ZN in 
the following formula, which can be set up 
on the computer: 


ZN Drift Angle 
Ground Distance _ 57.3 


The resulting drift correction has the same 
sense (right or left) as the ZN. BDCA has 
Same sign as on wind face. 


Y-FACTOR METHOD OF BELLAMY 
DRIFT CORRECTION 


The approximate Bellamy drift can be 
found with one setting of the slide rule 
computer by the use of the Y-factor. 


One entering argument of the Y-Factor 
Table is the midlatitude of the distance 
flown. This is shown across the top of the 
table. 


The other entering argument, shown ver- 
tically on the left, is the speed argument. 
This may be found in one of the following 
ways: 


1. \TAS XGS (theoretical) 


TAS+GS 
2 


2 (practical) 


3. TAS (If GS is unknown or unreliable) 


The Y-values are for hourly periods. 
Therefore, if the time between “D” readings 
is more or less than an hour, proportional 
parts of the Y-value must be used. 


To solve for the approximate Bellamy 
drift correction angle: 


1. Determine D.—D,. 


2. Using midlatitude and speed argument, 
extract hourly Y-factor and take propor- 
tional part of it. 


3. Divide D.—D, by proportional part of 
hourly Y-factor. 





PP PRPARPPRAPPRAPPMAR HR HF 4 
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The result is the Bellamy drift correction 
angle. The sign of Bellamy drift correction 
(plus or minus) is the same as the sign of 
D.—D, in the Northern Hemisphere, the re- 
verse in the Southern Hemisphere. 


Example. 
Given: 1800Z D, =+100 Midlatitude =40°N 
13820Z D, =+257 TAS =300k 
GS =Unknown. 
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Solution: 
1. D.—D, =+157’. 


2. Hourly Y-factor for 300k at 40°, 47.2. 
Proportional part of Y-factor, for 20 minutes, 44 
of an hour: 144 X47.2 =15.7. 

38. D.—D, BDCA _+157 +10 

w~Y 1 ° 157 #1 
Flight is in Northern Hemisphere; therefore the 
Bellamy drift correction is +10°. 


TABLE OF Y-FACTORS 


For use in determining Bellamy Drift Correction Angle without computer 


SPEED 


ARGUMENT 





180k 11.1 13.2 15.1 16.9 18.6 
190 12.4 14.7 16.8 18.9 20.7 
200 13.7 16.3 18.7 20.9 23.0 
210 15.1 17.9 20.6 23.0 25.3 
220 16.6 19.7 22.6 25.3 27.8 
230 18.2 21.5 24.7 27.6 30.4 
240 19.8 23.4 26.9 30.1 33.1 
250 21.5 25.4 29.2 32.7 35.9 
260 23.2 27.5 31.5 35.3 38.9 
270 25.0 29.7 34.0 38.1] 41.9 
280 26.9 31.9 36.6 41.0 45.1 
290 28.9 34.2 39.2 43.9 48.3 
300 30.9 36.6 42.0 47.2 531.7 
310 33.0 39.1 44.8 50.2 55.2 
320 35.2 41.7 47.8 53.5 58.9 
330 37.4 44.3 50.8 56.9 62.6 
340 39.7 47.0 53.9 60.4 66.4 
350 42.1 49.8 57.2 64.0 70.4 
360 44.5 52.7 60.5 67.7 74.5 
370 47.0 55.7 63.9 71.5 78.7 
380 49.6 58.7 67.4 75.4 83.0 
390 52.3 61.9 71.0 79.5 87.4 
400 55.0 65.1 74.7 83.6 92.0 
410 57.7 68.4 78.4 87.8 96.6 
420 60.6 71.8 82.3 92.2 101.4 
430 63.5 75.2 86.3 96.6 106.3 
440 66.5 78.8 90.3. 101.1 111.3 
450 69.6 82.4 94.5 105.8 116.4 
460 72.7 86.1 98.7 1106 121.6 
470 75.9 89.9 103.1 115.4 127.0 
480 79.1 93.7 107.5 120.4 132.4 
490 82.5 97.7 112.0 125.4 138.0 
500 85.9 101.7 116.7 130.6 143.7 
510 89.4 105.8 121.4 135.9 149.5 
520 92.9 1100 126.2 141.3 155.4 
530 (| 96.5 114.3 131.1 146.8 161.4 
540 100.2. 1186 136.1 152.4 167.6 
550 103.9 123.1 141.2) 1580 173.9 
560 107.7 0 127.6 = 146.3 163.8 180.2 
570 171.60 132.2) 151.6 169.7 186.7 
580 115.46 136.9 157.0 175.8 193.3 
590 119.6 141.6 162.4 181.9 200.1 
600 123.7 1465 168.0 188.1 206.9 


LATITUDE 


50° 


20.2 
22.5 
24.9 
27.5 
30.2 
33.0 
36.0 
39.0 
42.1 
45.4 
48.9 
52.4 
56.1 
60.0 
63.8 
67.9 
72.1 
76.4 
80.8 
85.3 
90.0 
94.8 
99.8 
104.8 
110.0 
115.3 
120.7 
126.2 
131.9 
137.7 
143.6 
149.7 
155.9 
162.2 
168.6 
175.1 
181.8 
188.6 
195.5 
202.6 
209.7 
217.0 
224.4 


55° 


21.6 22.8 23.9 24.8 25.5 25.9 26.2 
24.1 25.4 26.6 27.6 28.4 28.9 29.2 
26.6 28.1 29.5 30.6 31.4 32.0 32.4 
29.4 31.0 32.5 33.7 34.7 35.3 35.7 
32.2 34.1 35.6 37.0 38.] 38.8 39.2 
35.2 37.2 39.0 40.4 41.6 42.4 42.8 
38.4 40.5 42.4 44.0 45.3 46.1 46.6 
41.6 44.0 46.0 47,7 49.) 50.0 50.6 
45.0 47.6 49.8 51.6 53.1 54.1 54.7 
48.6 51.3 53.7 55.7 57.3 58.4 59.0 
52.2 55.2 57.7 59.9 61.6 62.8 63.5 


56.0 59.2 61.9 64.2 66.1 67.3 68.1 
60.0 63.3 66.3 68.8 70.8 72.1 72.9 
64.0 67.6 70.8 73.4 75.0 76.9 77.8 
68.2 72.1 75.4 78.2 80.5 82.0 82.9 
72.6 76.6 80.2 83.2 85.6 87.2 88.2 
77.0 81.4 85.1 88.3 90.9 92.6 93.6 
81.6 86.2 90.2 93.6 96.3 98.1 99.2 


86.3 91.2 95.4 99.0 101.9 103.8 104.9 

91.2 86.3 100.8 1046 107.46 1096 £1109 

96.2 101.6 106.3 110.3 113.5 115.6 117.0 
101.3 107.0 112.0 116.2 119.6 121.8 123.2 
106.6 112.6 117.8 122.2) 125.8 128.1 129.6 
112.0 118.3 123.8 128.4 132.2 134.6 136.1 
WW7.5 «(124.1 129.9 134.8 138.7. 141.2 142.8 
123.2. 130.1 136.2 141.3 145.4 148.0 149.7 
129.0 136.2 142.6 147.9 152.2 155.0 156.8 
134.9 142.5 149.1 154.7 159.2 162.1 164.0 
141.0 1489 155.8 161.7 166.4 169.4 171.3 
147.2 155.5 162.7 168.8 173.7 176.9 178.9 
153.5 162.) 169.7 176.0 181.1 184.5 186.6 
160.0 1690 176.8 183.4 188.8 192.2 194.4 
166.6 175.9 184.1 191.0 196.5 200.2 207.4 
173.3 183.0 191.5 198.7 204.5 208.2 210.6 
180.1 190.3) 199.1 206.6 212.46 2165 2189 
187.1 197.7 2068 2146 220.8 224.9 227.5 
194.3. 205.2 214.7 222.8 229.2 233.5 236.1 
201.5 212.9 222.8 231.1 237.8 242.2 244.9 
208.9 220.7 230.9 239.6 246.5 251.1 253.9 
216.5 228.6 239.2 248.2 255.4 260.1 263.1 
224.1 236.7 247.7 257.0 264.5 269.3 272.4 
231.9 245.0 256.3 2659 273.7 278.7 281.9 
239.8 253.3 265.1 275.0 283.0 288.2 291.5 
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PASTAGRAM 


With the aid of the pastagram, pressure 
differential may be continued accurately, 
even though conditions necessitate enroute 
changes of altitude. 


On the Pastagram, the horizontal lines 
represent 1,000-foot increments of pressure 
altitude, from —1,000 at the bottom to 
+70,000 at the top. 


The solid diagonal lines represent temper- 
ature in degrees centigrade. Above 35,500 
feet (approximately the tropopause), these 
lines proceed vertically but are not shown, 
in order to avoid confusion. 


The vertical lines represent increments of 
“S,” specific temperature anomaly. “S” is 
shown as the rate of change of “D” per 
1,000-foot increase of pressure altitude. The 
““S” values, shown near the top of the graph, 
increase from —200 feet on the left to +100 
feet on the right. 


To use the pastagram in adjusting for a 
change of pressure altitude: 


1. During the climb (or descent) record 
pressure altitude and true air temperature 
at 1,000-foot intervals. 
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2. After level-off, average the pressure 
altitude and true air temperature of the 
climb (or descent). 


3. Enter pastagram at bottom with aver- 
age true air temperature. 


4. Proceed along this temperature line to 
the average pressure altitude. 


5. Find the value of “S” at this point, by 
proceeding vertically to the top of the graph 
if necessary. 


6. Multiply this value of “S” by the num- 
ber of thousands of feet of pressure altitude 
change. 


7. Apply the result to any “D” sounding 
before the change of altitude, with the sign 
shown for a climb, with reverse sign for a 
descent. 


8. Use this adjusted “D” sounding in the 
normal way in connection with the next “D” 


sounding after level-off to find ZN. 


9. Carry airplot throughout. 


\ 
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RADIO COMPASS ARN-6 AND ARN-7 


PREFLIGHT 


The alignment check is to insure that tun- 
ing dials are aligned with the tuning con- 
denser. 


ALIGNMENT CHECK 


1. Turn band switch to band of highest 
frequency (850-1,450). 


2. Turn the tuning dial to the LOW end 
of the band until a stop is reached. 


3. If the ALIGN mark is not directly under 
the reference line, the dial reading on that 
control box is incorrect. 


4. To correct the dial reading, disconnect 
the tuning shaft at the control box and ro- 
tate the dial until the ALIGN mark is under 
the reference line, then reconnect the tuning 
shaft. 


5. Recheck the alignment. 


6. Separate control boxes should be 
aligned individually. 


OPERATIONAL CHECK 


1. Turn radio compass ON. Obtain control. 
(If the TUNE TO MAX needle deflects to the 
left, you have control.) 


2. Turn to COMPASS on interphone control 
panel. 


3. Turn interphone volume control to 
MAX. (This is to prevent erroneous readings 
when using the automatic direction system.) 
Tune radio on the ANT position to some 
nearby station. 


4. Identify the station call sign. 


5. Switch to COMP position. Check bearing 
indicator for the correct bearing. 


NOTE: Read the TRUE bearing if the 
true heading is set under the index; 
read the RELATIVE bearing if zero is 
set under index. 


6. If necessary, adjust the bearing for 
rhumb line correction. (See table.) 


7. Switch to Loop and rotate loop to aural 
null (use CW-VOICE switch in CW position 
to decrease apparent width of null). Beware 
of 180° ambiguity when using aural null 
bearings. 


8. Read the bearing indicator and check 
against previous reading. 


9. Finally, return control to the pilot. 


OPERATION 


To operate the radio compass and auto- 
matic direction finding equipment: 


1. Set the interphone control panel to 
COMPASS. 


2. Tune the station on ANT and then 
switch to COMP. Read the bearing on the 
indicator. 


3. If the reception is noisy because of 
precipitation static, use loop reception for 
better tuning results. Turn the Function 
Switch to LOOP and use the LOOP L-R switch 
to rotate loop until you get the maximum 
volume. (Do not be confused by the word 
“maximum” here. The loop is being used for 
tuning, not for finding an LOP.) 


4. Adjust tuning crank slightly for maxi- 
mum volume. 


5. Turn to COMP function or use aural null 
method to obtain LOP. 


| 
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CORRECTION REQUIRED TO CONVERT A RADIO 


GREAT CIRCLE BEARING TO MERCATORIAL BEARING 


MIDDLE 
LATITUDE 


Difference of Longitude of Ship and Radio Station 


10° 12° 14° 16° 20° 


9.1° 10.0° 
8.9 9.8 
8.6 9.5 
8.4 9.2 
8.1 8.9 
7.8 8.5 
7.4 8.2 
7.1 7.8 
6.7 7.4 
6.3 6.9 
5.9 6.4 
5.4 6.0 
5.0 3.5 
4.5 5.0 
4.0 4.4 
3.6 3.9 
3.1 3.4 
2.6 2.8 
2.1 2.3 
1.6 1.7 
1.0 1.1 
0.5 0.6 
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Rhumb Line Correction Table & Diagram 
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PLOTTING RADIO LOP’S 


Radio bearings which are plotted on Mer- 
cator charts should be adjusted for rhumb 
line correction as shown in the table. 


METHODS FOR OBTAINING LOP’S 


1. In poor weather and storm conditions, 
the COMP function may give unreliable re- 
sults. Use of the aural null method is pre- 
ferable under these conditions. 


2. Switch to LOOP. 


3. Use LOOP L-R switch to rotate the loop 
for minimum headset volume, then read 
bearing indicator. 


4. Use the CW-VOICE switch in the CW 
position to decrease apparent width of the 
null. When aural null is difficult to deter- 
mine, rotate loop for minimum deflection of 
tuning needle. 


5. When using the aural null method, care 
must be exercised to avoid 180° ambiguity 
in bearings. (Turn to COMP function to check 
180° ambiguity.) 


APPROXIMATE FIXES 


Approximate fixes may be determined 
from a single station by using one of the 
following methods: 


Doubling Relative Bearing. Note the time 
that a given relative bearing is obtained 
from a given station; also note the time 
when this relative bearing has doubled. The 
distance run from the initial bearing to the 
doubled bearing will be approximately the 
distance to the station along the second bear- 
ing. (This method is based on an isosceles 
triangle. Best results will be obtained when 
changing from 060° to 120° or from 300° 
to 240°.) 


Two Bearing Fix (Running Fix) 


1. Take a bearing on a given station and 
convert it to a true bearing. 
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2. Wait for the initial bearing to change 
at least 30°. 


3. Take a second bearing. 


4. Advance the first bearing to the second, 
or retard the second to the first, using the 
best known track and groundspeed. 


5. The intersection of the two bearings 
will be the fix. 


6. This method may also be used with 
three LOP’s. 


Timed Relative Bearings 


1. Take a relative bearing on a ‘station, 
noting the time. 


2. After a few minutes, take another rela- 
tive bearing on the same station and note 
the time of the second bearing. 


3. Using the first and second bearings in 
Timed Relative Bearing Table, obtain the 
multiplier factor. 


4. Using the best known track and 
groundspeed, compute the distance run be- 
tween bearings. 


5. Multiply this distance by the factor to 
obtain distance from station along second 
bearing. 


6. Knowing the bearing and distance from 
the station, you have a fix. This method is 
very accurate—depending only on the accu- 
racy of the bearings taken. 


Example: 


A relative bearing of 030° is obtained at 
0905; on the same heading you obtain a 
relative bearing of 040° at 0908. Enter the 
table with initial bearing of 30 and go across 
to 40. At the intersection, obtain the factor 
of 2.88. With a groundspeed of 180k and the 
time between bearings of 3 minutes, the dis- 
tance run between bearings is 9.0 nm. Multi- 
plying 9.0 by 2.88 gives 25.92 nm as distance 
from station. Use this distance and bearing 
to obtain a fix. 
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TIMED RELATIVE BEARING 


INITIAL SECOND BEARING 


BEARING | 30° 70° 


0.39 
0.78 
1.29 
2.24 


4.99 


80° 90° 


0.36 0.36 
0.65 0.58 
1.00 0.84 
1.53 1.19 
253: 7s 
5.4] 2.75 

5.67 





sine RB, 


Range at time of RB, = Distance run from RB, to RB, x sine (RB,—RB,) 


Time and Distance Check When Abeam Station 


When the relative bearing is within 10° 
of 090° or 270°, the approximate distance 
from a station may be determined by the 
use of one of the following formulas: 
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Distance from station = 
TAS (k) X Time in minutes 
flown between bearings 
Change in relative bearing 
Time in minutes from station = 
60 x Time in minutes 
flown between bearings 


Change in relative bearing 





SVSssswvsa Vee vvugeTsseges Ss EE « 


© @ @ © © © © © OMNIRANGE 


PREFLIGHT 


1. Turn set ON. 


2. Set frequency of some known station 
in window of the control box. 


3. Identify station call sign. 


4, Read bearing from station to aircraft 
at tail of number 2 needle on radio magnetic 
indicator (RMI). 


5. Plot bearing directly if the compass 
rose for the omni station is included on the 
chart. (If the compass rose is not included, 
adjust bearing for variation and plot the 
true bearing plus E and minus W variation 
applied to the bearing.) 


6. If necessary, adjust bearing for correc- 
tion from Rhumb Line Correction Table. 


7. The plotted omni LOP should pass 
through aircraft’s position. 


OPERATION 


Omnirange receivers make possible the use 
of all the radio aids to navigation now 
available in the VHF range from 108.0 to 
135.9 me, inclusive. 
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When tuned to and within the range of 
the omni station, the number 2 needle on 
the radio magnetic indicator (RMI) gives 
the magnetic bearing from the aircraft to 
the station. 


FIXING PROCEDURES 


1. Select three omni stations which will 
give good cuts. 


2. Set frequency on the control panel. 
3. Identify the station. 


4. Read magnetic bearing from aircraft to 
station on the RMI. 


5. Note the time of each bearing taken. 


6. Plot the bearing directly if the compass 
rose for the station is included on the chart 
being used. 


7. If the compass rose is not included, 
adjust the bearing for variation and plot 
true bearing (plus E, minus W). 


8. If necessary, adjust bearing for cor- 
rection from Rhumb Line Correction Table. 


9. On some aircraft, the number 1 needle 
of the RMI may be connected to the radio 
compass. Two bearings can then be taken 
simultaneously. 
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PREFLIGHT 


The preflight check for TACAN is iden- 
tical to that for omnirange, with the addition 
of a check on the operation and accuracy of 
the distance meter. While the unit is warm- 
ing up, the number 2 needle on the RMI 
(ID-250) will rotate clockwise, the vertical 
crosspointer on the ID-249 will move from 
side to side, and the DME (ID-310) will 
count repeatedly from 0 to 200. When the 
unit has warmed sufficiently, these move- 
ments will stop, and the set will lock on the 
station. At some locations, the set may not 
lock on when on the ground because TACAN 
is a line-of-sight system. This will be the 
case if the ground station is shielded from 
the aircraft antenna by any obstruction, 
such as 2 hill, a hangar, or the aircraft itself. 


OPERATION 


There are 126 two-way operating chan- 
nels available for TACAN use. The TACAN 
bearing function is identical to the omni- 
range bearing function except that, theoreti- 
cally, TACAN bearings are more accurate 
than omni bearings. In most cases, the same 
bearing indicators will be used: RMI (ID- 
250) and course indicator (ID-249). 


The average TACAN bearing error is 
about three-fourths of a degree. The distance 
system accuracy is about +600 feet +0.2% 
of the distance measured. The distance error 
would equal approximately 0.5 nm at the 
maximum range of the equipment. 

Distance from the TACAN station is read 
directly from the distance meter (ID-310). 
Distance indicated is slant range. 

At longer ranges, slant range so closely 
approximates ground range that they may 
be considered equal. At closer ranges, precise 
navigation demands that slant range be con- 


AF MANUAL 51-40 VOL Ill MAY 1959 


verted to ground range. To determine the 
critical range below which such conversion 
should be made and the methods of conver- 
sion, see the section on “Radar.” 


TACAN is a UHF system and is therefore 
subject to line-of-sight limitations. The max- 
imum range that can be attained at a given 
altitude with a line-of-sight system may be 
calculated from the formula 


R =1.08 Vh 
where R is the range in nautical miles, and 
h is the altitude in feet. This is plotted in 
the Maximum Range Chart. The maximum 
range available from the distance function 
of TACAN, exclusive of line-of-sight limita- 
tions, is 196 nm. This is the highest range 
which the distance meter will indicate. Bear- 
ings may be attainable at greater distances. 


When proceeding from a given station 
and the bearing needle begins to spin, it 
means that the selected station is out of 
range and the next succeeding station must 
be tuned in. When proceeding to a given 
station and the bearing needle begins to 
spin, it means that entry is being made 
into the cone of confusion (cone of silence) 
of the ground station. This cone is approxi- 
mately 120° in width for TACAN. Cone of 
Confusion chart shows the approximate 
width of the cone in nautical miles at 
various altitudes. 


Also, in proceeding to a given station, the 
distance meter will never reach zero but 
will reach a minimum reading directly over 
or directly abeam the station. It will then 
begin to increase after the station is passed. 
This is because the meter reads slant range. 
When directly over the station, the indicated 
distance will be the absolute altitude. 


The operating principles of the TACAN 
bearing function make possible a bearing 
error of 40° or of any multiple of 40°. If 
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the set will not correct 


9-8 


= | 








a 





oe 
sit 


- 


_ 


eo © 
A 4 


=3339S59 939 


®e@eeeee e CONSOL 


Area: North Atlantic Ocean and Western 
Europe 


Range: Day—Approximately 800 nm over 
land, 1000 nm over water. 


Night—A pproximately 1500 nm 
over water. 


Equipment: Liaison receiver or Radio com- 
pass; Consol chart. 


OPERATING PROCEDURE 


From the Consol Chart, find the frequency 
and call letters of the available stations. 
Tune the liaison receiver or radio compass 
to the desired station. 


A typical consol transmission sequence 
consists of two parts: 


1. A continuous tone, interrupted in the 
middle for station identification ; 


2. A keying cycle composed of either a 
number of dots, an equisignal, and 
then a number of dashes, or a number 
of dashes, an equisignal, and then a 
number of dots. 
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Count the number of characters (dots or 
dashes) between the end of the continuous 
tone and the equisignal. Note the time of the 
equisignal. Count the number of characters 
between the end of the equisignal and the 
start of the next continuous tone. 

A total of 60 characters should be heard, 
but some are masked out by the equlsignal. 
To find the true count, subtract the total 
observed count from 60, divide the result by 
two, and add the final result to the observed 
counts of dots and dashes. For example: 


Observed count....__...... 38 dashes, 18 dots 
Total observed count...56 
60 minus 56 ____..........._. 4 
4 divided by 2._____....... 2 
True Count.___.....----. 38 + 2 = 40 dashes 


18 + 2 = 20 dots. 


The type of character counted before the 
equisignal denotes the type of sector (dot or 
dash) in which the LOP will fall on the 
chart. The true count of this character de- 
notes the position of the LOP within the 
sector. A DR position is used to eliminate 
sector ambigulty. 

The time of the equisignal is the time of 
the LOP. 
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Coastal marine lights and lightships may 
be used for fixing or orientation in areas 
where limited navigation aids exist. A list- 
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ing of lights available and full instructions 
for their use may be found in the Flight 
Planning Document. 
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Fixes, meteorological data, and other help- 
ful information may be obtained from ocean 
station vessels. Aircraft in distress or con- 
templating ditching may receive especially 
valuable aid. A complete listing of station 
locations and their available facilities may 
be found in the Flight Planning Document. 


PROCEDURES 


All aircraft flying in the vicinity (100- 
mile radius is recommended) of an ocean 
station vessel should report the following in- 
formation to that vessel: 


1. Aircraft identification on radio call 
sign as Shown in flight plan. 


2. Position and time of position, or a re- 
quest for a radar fix. 


NOTE: Radar fixes are given as 
bearing and distance from the ves- 
sel’s grid position. For an explana- 
tion of the grid system used, see the 
Flight Planning Document. 


3. Altitude. 


4. An estimate of one of the following: 
time (GMT) over next reporting point in 
minutes past the hour, position time at the 
next routine position, or point of first in- 
tended landing. 

Normally this report should be made by 
VHF. If VHF communication is unsatisfac- 
tory, contact should be established by HF. 


EMERGENCY OR DISTRESS PROCEDURES 


For detailed information on procedures 
and station locations, refer to Flight Plan- 
ning Document and Radio Facility Charts. 
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Courses are given as QUX (STEER) and Classifications are: 


are magnetic courses with zero wind from Class A —Accuracy within 2° 
aircraft to D/F station in the transmission Class B —Accuracy within 5° 
to the aircraft. Class C —Error greater than 5° 


Class C, or Co—Uncoordinated bearings 
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WWV (Washington, D. C.): Standard 
frequencies and time signals (see Flight 
Planning Document for information on 
WWVH, Hawaii). 


Morse code and voice announcement of 
Eastern Standard Time is given every five 
minutes from station WWV on the fre- 
quencies shown below. . 


The audio frequencies (tone) are “on the 
air” for precisely three minutes after each 
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5-minute mark. The tone is then interrupted 
for two minutes prior to the next 5-minute 
mark. During the tone silence, only a faint 
tick is heard until a voice announces what 
the Eastern Standard Time will be at the 
resumption of the tone. The tone resumes 
precisely on the 5th, 10th, 15th, etc., minute 
after the hour. 

A more thorough coverage of radio time 
signals may be found in a current Flight 
Planning Document. 


Frequency (mc) Power 
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AN/APN-9 


PREFLIGHT 


The loran system requires two types of 
voltage, AC and DC. AC can be regulated 
(inverters) or unregulated (alternators) 
and is used for the loran receiver itself. DC 
is used for the couplers. 


1. See that the power switches in the 
pilot’s compartment or the flight engineer’s 
compartment are in the proper position. 


2. Check all circuit breakers, both for the 
couplers and the loran set. 


3. See that the reel antenna is IN before 
takeoff. 


4. Be certain that a spare reel kit is 
aboard. 


5. Have extra fuses (2 amp). 
6. Check for proper voltages. 


7. Check calibration during runup if de- 
sired (see Loran Calibration sheet). 


OPERATION 


1. RECEIVER GAIN—CW (station number 
light comes on immediately and trace ap- 
pears in less than 30 seconds. 


2. FUNCTION SWITCH—1. 


3. CHANNEL SWITCH—on applicable RF 
channel number for desired station. 


4. PRR SWITCH—HIGH or LOW as appli- 
cable for desired station. 


5. PLACE RECEIVER GAIN—CW for fairly 
strong pulses. 


6. TRAILING WIRE ANTENNA or ANTENNA 
COUPLER—adjust for maximum signal. 


7. STATION SELECTOR—on the desired sta- 
tion number. 


8. Interpret signals as sky waves or 
ground waves. 


9. L-R SWITCH—move both pulses to lower 
trace with pulse one on extreme left. 


10. DRIFT KNOB—minimize pulse drift. 


11. COARSE DELAY—place variable delay 
marker under pulse at the right. 


12. FUNCTION SWITCH—2. 


13. L-R SWITCH—move pulses to left (first 
one-third) of trace. 


14. RECEIVER GAIN AND AMPLITUDE BAL- 
ANCE—adjust controls as necessary until 
both signals are desired size. 


15. FINE DELAY—place lower pulse under 
upper pulse. 


16. FUNCTION SWITCH—3. 


17. RECEIVER GAIN AND AMPLITUDE BAL- 
ANCE—adjust as necessary. 


18. L-R SWITCH—move pulses to left of 
trace. 


19. FINE DELAY—align left-hand edges of 
pulses and record the time. 


20. FUNCTION SWITCH—4. 


21. From the right-hand edge of the trace, 
count number of 1,000-microsecond markers 
to the left edge of variable delay marker. 


22. FUNCTION SWITCH—5. 


23. Use the large marker on the lower 
trace, which will appear approximately 40 
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AN/APN-9 LORAN CALIBRATION 
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100 MS MARKER 
500 MS MARKER 
1000 MS MARKER 





FUNCTION SWITCH POSITION 5 


Function 5 


to 70 ms from the left edge, as the reference 
marker to read the upper trace. The largest 
markers on the upper trace are 1,000-ms 
markers. The first 1,000-ms marker, reading 
from left to right, is the marker read on 
FUNCTION 4. Read from that marker, right 
to left, counting the 100-ms and then the 
10-ms markers to the reference marker. 





24. Add 100 ms to the reading. Apply 
corrections for sky waves or sky wave- 
ground wave matching. 


25. With this reading, locate the nearest 
hyperbola on the chart. Interpolate between 
hyperbolas on the chart and plot LOP. The 
time of the LOP is the time recorded in 
Step 19. 


10-3 


om) 
eum! 


= lo fk io [s 





De © 0 0 © © © APN-70 


PREFLIGHT 


The loran system requires two types of 
voltages, AC and DC. The alternating cur- 
rent can be regulated (inverters) or un- 
regulated (alternators), and is used for the 
loran receiver itself. Direct current is used 
for the couplers. 


1. Check the proper setting for power 
switches (inverters and generators). 


2. Check all circuit breakers, both for the 
antenna couplers and the loran set. 


3. Check to see that the reel antenna is IN 
before takeoff. 


4. Check for a spare reel kit and spare 
2-amp fuses. 


5. Perform calibration during runup if 
desired. 

a. Turn set on by rotating MASTER X-Z 
gain control to midpoint. Allow one minute 
for warmup. Preliminary adjustments as 
shown in Calibration Table if necessary. 
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b. Countercheck. 


(1) Place CHANNEL SWITCH on 1 and 
FUNCTION SWITCH on 5. Turn HF-DELAY to 
W. 


(2) Align 100-ms markers with W-DELAY 
crank. The W-DELAY counter should read in 
even increments of 100 + 2 ms. 


(3) Repeat procedure using Y-DELAY. 


NOTE: The observed differences 
must be applied as correction to 
all readings on the corresponding 
counter systems. If the errors noted 
are not constant for each 100-ms 
alignment, reject the set. 


ce. R-Rate Variable Delay Cross Check 
(Drop-Out Point Check) 


(1) Set CHANNEL 1, FUNCTION 4, HF- 
DELAY to W, R-RATE to H-7. 


(2) Set approximately 12,000 on w- 
COUNTER. 


CALIBRATION 










Slave W 
Slave Y 
Master X-Y 


Slow Sw. Amp (rec) 


Med Sw Amp 
Med to Fast Sw 
Hor Cent 


CHANNEL FUNCTION YW DELAY REMARKS. 


oS TE SE ST a ER ESAS | SESS SPSS | ESS eS i SF 


Brill (indic) 
Focus (indic) 
Astigmatism (indic) 
Vert Center (indic) 


Slow SW 
Hor Cent (rec) 


ie ee 


Fast Sw 
Amp 










Adjust for proper intensity 


CCW 
Adjust for sharp traces 


Readjust if necessary 


Adjust so that each end of the trace is 4,” 
from edge of scope 


Adjust for four 100 ms spaces 


Adjust so traces are centered on scope and 
Y%,” from scope edge 


Adjust for 4%” between end of trace and 
edge of scope 





AN/APN-70 Calibration 
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. TABLE FOR R-RATE VARIABLE DELAY CROSS CHECK 


Counter Counter 
Reading Reading 










NOTE: Counter reading differences greater than 10 
indicates the set will not synchronize with the sta- 
tion pair indicated by the R-Rate switch and the set 
should be rejected. 


R-Rate Variable Delay Cross Check 


(3) Pull W-DELAY crank out and turn 
clockwise until lower trace disappears. 


(4) Counter should read 13,025 + 10; the 
difference between counter reading (see 
table) and tabulated value is the correction 
factor. This factor must be the same for a!] 
R-RATE settings when using the W-DELAY. 


(5) Repeat above procedure, using Y- 
DELAY. 


6. Parallax adjustment: 


a. Parallax is caused by the convex shape 
of the cathode-ray tube face and is more 


apparent near the edge of the scope than at 
the center. 


b. Parallax can be minimized by adjusting 
the MED & FA SWEEP FOR CENTERING until the 
“race on FUNCTION 3 is so positioned that 
the left edge of the sweep is near the center 
»f the scope. 


OPERATION 


1. Activate the set by rotating MASTER-X Z 
ain control to midpoint. Allow a 1-minute 
rarmup. 


)-6 


2. Set LOCAL-DISTANT switch on DISTANT 


(unless flying very close to a loran trans- 
mitter). 


3. Set CHANNEL switch to the desired R-F 
channel. 


4. Set R-RATE switch to the correct PRR. 


5. Turn FUNCTION switch to 1; two traces 


should appear on the scope with a pedestal 
on each trace. 


6. Set H-F DELAY switch on W. Adjust the 
MASTER-X Z gain and SLAVE-W gain until the 
signals are of the desired height. 


NOTE: The MASTER-X Z gain con- 
trols the upper trace and the 
SLAVE-W gain the lower trace. With 
the H-F DELAY switch on W, the 
SLAVE-Y gain has no effect on the 
scope. 


7. With the L-R switch, position the pulses 
so that there is one on each trace. Then set 
the upper (master) pulse on the leading 
edge of the master pedestal as shown in the 
illustration. Kill the drift with the DRIFT 
control and turn the ADC (Automatic Drift 
Control) switch to ON. The ADC should lock 
the pulse in this position. If excessive noise 
or erratic sky wave reception prevents this, 
turn the ADC switch to OFF. 


8. With the W-DELAY crank pushed in 
(1,000 ms per turn), set the slave pedestal 
under the slave pulse. 


9. Turn to FUNCTION 2. Both signals 
should appear on the left third of the scope. 
If only one signal appears, adjust the indi- 
vidual gain controls. Remember, the MASTER- 
X Z gain controls the upper (master) trace, 
and the SLAVE-W gain controls the lower 
(slave) trace. If this does not cause the 
other pulse to appear, recheck FUNCTION 1. 
The ADC will keep the signals on the far left 
side of the scope. With the W-DELAY crank 
pulled out (100 ms per turn), set the slave 
pulse directly under the master pulse. With 
the two appropriate gain controls, adjust the 
two pulses to the same height. 
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NOTE: In FUNCTION 1 with ADC 
ON, it is possible to lock in on a 
large split of a one-hop-E, a strong 
one-hop-F, or a two-hop-E pulse. 
To prevent this possible lock, use 
the following procedures: 


a. FUNCTION 1: Position both desired 
pulses on the leading edges of the pedestals. 


b. FUNCTION 2: Use the L-R switch to 
move the pulses to the right, in order to 
assure that the desired pulse is portrayed 
on the scope, and is not off the trace to the 
left. When the pulses are moved to the right, 
ADC is lost and pulses may drift to the right. 


c. Keep the manual drift control in the 
extreme left or CCW position. If ADC loses 
the pulses when they are moved to the right, 
the manual drift will move them to the left 
and ADC will lock them in automatically. 


10. Turn to FUNCTION 3: the two signals 
will appear on a Single trace slightly to the 
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left of center on the scope, and be locked in 
this position by the ADC. It should be noted 
that no matter where the signals are located 
on the scope, their width will remain the 
same. With the W-DELAY crank in the pulled 
out position, superimpose the pulses, adjust- 
ing the MASTER-X Z gain if needed to make 
them the same height. The time of the LOP 
is the time of matching, and the time differ- 
ence may now be read from the W-DELAY 
COUNTER. No correction to this reading is 
necessary. 


11. For the second reading, turn the H-F 
DELAY switch to Y and follow Steps 3 through 
10, substituting SLAVE-Y gain and Y-DELAY 
crank for the previously mentioned controls. 
This procedure will allow the first reading to 
be retained while the second is taken. 


12. With these readings, interpolate be- 
tween hyperbolas on the chart and plot the 
LOP’s. Resolve to common time for fix. 


MASTER 


PEDESTAL 
SLAVE 





Pedestals under Pulses 
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There are certain times and areas where 
the operation of loran is critical. These crit- 
ical areas may be defined as: (1) areas 
where intervening land tends to block or 
reduce loran signals; (2) areas in the 
perimeter of ground wave reception, es- 
pecially at night when the sky waves are 
present; (3) areas within 250 nm of one 
of the transmitters of a station pair, when 
only sky waves are available from the other 
transmitter of that station pair. 


The following points are essential and 
should be applied at all times when operat- 
ing loran in the critical areas. 


1. On FUNCTION 1, when both signals are 
stopped on the lower trace, the signal to the 
right is from the master station. 


2. On FUNCTION 1, amplitude balance has 
no effect on the heights of the pulses. The 
relative heights are an indication of the 
relative distances from the transmitters. 


3. On FUNCTION 2, the master signal al- 
ways appears on the bottom trace of the 
APN-9 and on the top trace of the APN-70. 
Any other position will result in complete 
inability to match the loran signals. 


4. On the loran chart, the hyperbola with 
the highest time difference value is the mas- 
ter base line extension. The hyperbola with 
the lowest time difference value is the slave 
base line extension. 


5. Do not use sky waves from a transmit- 
ter within 250 nm or in areas where no sky 
wave correction is printed on the loran 
chart. If the sky wave correction is zero, it 
will be printed on the chart. 


GROUND WAVE 
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Variation of Signals with Time of Day ] ] 


USE OF SKY WAVES 


Since the ground wave path and various 
sky wave paths are of different lengths, a 
single transmitted pulse may be received as 
a series or train of pulses as shown in the 
Loran Sky Wave Train. 


The appearance of the signals will vary 
with the time of day as shown. 
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NAUTICAL MILES FROM TRANSMITTER 
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GROUND WAVE 











SKYWAVE POSITION 
DIAGRAM 
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MICROSECONDS 


Sky Wave Position Diagram 


When there is doubt as to which is a 
ground wave or a sky wave in a train of 
pulses being received, they may be identified 
with the help of the Sky Wave Position Dia- 
gram. The wave position diagram shows the 
usual spacing in microseconds from ground 
wave to one-hop-E sky wave, and from one- 
hop-E sky wave to following sky wave sig- 
nals, at distances up to 1300 nm from the 
transmitter. By comparing the microsecond 
spacing between the various waves as shown 
in the wave position diagram, the doubtful 
signals can be identified. 


Example: 


An aircraft is approximately 460 nm from 
the slave transmitter, and it is required to 
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definitely identify the two leftmost slave 
signals. The presentation on FUNCTION 2 on 
the APN-9 is shown. 


The two left signals from the slave sta- 
tion (signals A and B) are the signals to 
identify. 


APN-Y, Function 2 
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1. Align the signal A with the left signal 
from the master station signal C and obtain 
a reading from this match (assume the 
reading is 3690 ms). 


2. Now align signal B with the leftmost 
signal from the master station signal C and 
obtain a reading (assume the reading is 
3,940 ms). 


3. Find the difference between these two 
readings (250 ms). 


4. Now enter the wave position diagram 
with the distance from the transmitter (460 
nm) on the left vertical scale. From this 
point, draw a horizonta] line across the 
diagram. From the intersections of this line 
with the sky wave curves, drop perpendicu- 
lars to the bottom scale, and note the micro- 
second values at these points. From the 
ground wave to the one-hop-E is 80 micro- 
seconds; from one-hop-E to two-hop-E is 250 
microseconds (330-80). 


5. This definitely identifies signal A as a 
one-hop-E sky wave and signal B as a two- 
hop-E sky wave. 


6. If the difference between the two read- 
ings had been 80, signal A would then be a 
ground wave (represented by the leftmost 
vertical line on the wave position diagram), 
and signal B would be a one-hop-E sky wave. 


Rule of Thumb. If is known that a pulse 
on one trace is a ground wave, match it with 
the first pulse on the other trace and take 
the reading. Then match it with the second 
pulse on the other trace and take the read- 
ing. If the difference in the two readings is 
less than 100 ms, the first signal on the 
other trace is a ground wave. If the differ- 
ence is more than 100 ms, the first signal 
on the other trace is a one-hop-E sky wave. 


MATCHING GROUND WAVES 
AND SKY WAVES 


In normal use, a ground wave is matched 
with another ground wave, or a one-hop-E 
sky wave is matched with another one-hop-E 
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sky wave. When using loran in critical-area 
operation, there is one important criterion 
which should be considered at all times: 
ground waves should be matched with 
ground waves whenever possible. Regardless 
of how weak the signals may be, they should 
be used. Vary the gain control and the am- 
plitude balance control to bring these signals 
to their optimum strength. 


With some stations, because of their ex- 
tremely long base lire or intervening land, a 
ground wave may be received from one sta- 
tion while only sky waves are received from 
the other. In such cases, a ground wave will 
have to be matched with a sky wave. To 
determine the correction to be used, a ground 
wave-sky wave correction graph is provided. 


1. Identify the station from which the sky 
wave is being received. 
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Ground Wave-Sky Wave Correction Graph 
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2. Determine the distance from that sta- 
tion. 


3. Enter the bottom of the sky wave cor- 
rection graph with this distance; go up to 
the curved line and read the microsecond 
correction. 


4. If it is a master station sky wave with 
a slave station ground wave, use a plus 
correction. 


5. If it is a slave station sky wave with 


a master station ground wave, use a minus 
correction. 
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Rule of Thumb: SLAVE 
SKY 
SUBTRACT 


This correction may also be obtained by 
using the Sky Wave Position Diagram. En- 
ter the diagram with the distance to the 
transmitter from which the sky wave is 
coming. The correction will be found by 
going across the diagram horizontally to the 
right from the ground wave line to the one- 
hop-E sky wave line. From this point drop 
vertically to the microsecond scale and get 
the correction. The sign is the same as when 
using the Ground Wave-Sky Wave Correc- 
tion Graph. 
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1. Adjust trailing wire antenna length or 
antenna coupler (if applicable) for maxi- 
mum reception. 


2. Obtain a DR position. 


3. From the chart, determine which of 
the available station pairs will give the 
most usable and accurate LOP’s, consider- 
ing: 

a. Whether sky waves or ground waves 
will be used (time of day). 

b. Whether signals are good or poor. 

c. The relative spacing of hyperbolas 
(miles per microsecond). 

d. The crossing angle of the hyperbolas. 


4. Determine the location of each station 
in these pairs on the chart and find: 

a. Which stations are masters and which 
are slaves. 

b. The approximate distance to each sta- 
tion. 

c. What portion of any signal path from 
station to aircraft is over land. 


5. Determine which pairs of stations are 
being received. 


6. Identify all signals received as ground 
waves or sky waves. Take into considera- 
tion: 

a. The types of signals to be expected on 
the basis of the factors affecting the range 
of loran ground waves and sky waves. 

b. The appearance of the signals (steady, 
fading, and splitting). 

c. The spacing of the pulses, if a train of 
pulses is received from any station. 


7. Make the time-difference readings for 
each selected pair, taking those with the 
weakest or most irregular signals first. Re- 
cord the time of the reading after matching 
the pulses on FUNCTION 3 and before reading 
the time difference on the indicator. 


PLOTTING THE LOP 
Once the time-difference reading is deter- 
mined from the receiver and the appropriate 
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corrections are applied to the reading (sky 
wave, instrument), there are several differ- 
ent techniques which can be used to plot the 
LOP and to determine the fix position. 


Slide rule computer method. Near the DR 
position, note the microsecond difference 
between printed hyperbolas. Measure the 
distance in nautical miles between the two 
hyperbolas whose values are next lower and 
next higher than the reading. Note the dif- 
ference between the reading and the lower 
hyperbola. On the slide rule computer: 


Distance between hyperbolas__ 
Microseconds between hyperbolas | 
Distance from lower hyperbola 

Reading minus lower hyperbola 


Example: 
Reading: 2235 ms. 
Ms between printed hyperbolas =100. 


Nm between 2200 ms and 2300 ms hyperbola = 
2816. 


Reading minus lower hyperbola: 35 ms. 


Distance from lower hyperbola to desired LOP: 
X nm. 





2816 x x =10 nm. 
100 35 


Plot a point the computed distance from the 
lower hyperbola toward the higher hyper- 
bola. Plot the desired LOP through this 
point, symmetrical to the printed hyper- 
bolas. 


Interpolation graph. A convenient graph 
may be drawn either on the loran chart or 
on the graph portion of the computer slide. 
Set the dividers on the distance between 
the two hyperbolas. Move the dividers down 
from the top of the graph until the spread 
of the dividers equals 100 ms on the graph; 
then readjust the dividers to the distance in 
microseconds desired. The appropriate plot- 
ting distance will result. 
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Interpolation Graph 


The converging drift lines on the slide of 
he computer can be used for this purpose. 


Plotter method. Choose a convenient scale 
n the plotter. Lay the plotter across the 
wo LOP’s drawn on the chart so that the 
necrements on the plotter evenly break down 


110 2000 


1LO 1900 
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the distance between the LOP’s. Visually in- 
terpolate for the desired LOP. 


RESOLVING LOP’S 


An advanced or retarded LOP should be 
parallel to the unresolved LOP and is not 
necessarily symmetrical to the hyperbolas at 
its advanced or retarded position. 


40 Marker 


1825 MICROSECONDS 





ZERO Marker 


Interpolation with Plotter 
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Loran homing is accomplished by using a 
preset loran reading as an aid in steering 
an aircraft along a hyperbola that runs 
through destination. 


APN-9 HOMING PROCEDURES 

1. Determine which station pair furnishes 
the most convenient, relatively straight hy- 
perbola through destination. Direct the air- 
craft along a course which intersects the 
selected hyperbola at a convenient distance 
from destination. 

2. Set the RF CHANNEL switch, the PRR 
switch, and the STATION SELECTOR switch to 
receive the selected station pair. 


3. Determine the value of the hyperbola 
through destination, by interpolation if 
necessary. To find the reading to set in the 
APN-9 for homing, always subtract 100 
ms from the value of the desired hyperbola. 
For example, if the value of the desired 
hyperbola is 2335, the preset reading 1s 2235. 
If sky waves are used, the sky wave correc- 
tion must also be applied, but with the sign 
reversed. 


4. On FUNCTION 4, use the COARSE DELAY 
to set in the approximate reading. To set in 
2235, place the variable delay marker ap- 
proximately half way between the second 
and third thousand microsecond markers 
from the right. On FUNCTION 5, use the FINE 
DELAY to set the units, tens, and hundreds 
portion of the reading over the crosshair: in 
our example, 235. This establishes a time 
difference reading of 2235, which becomes 
2335 when the 100 ms instrument correction 
is added. Do not touch the COARSE or FINE 
DELAY again. 

5. On FUNCTION 1, use the L-R SWITCH to 
place both pulses on the lower trace, as far 
left as possible. 

6. Shortly before the ETA to the desired 
hyperbola, switch to FUNCTION 2, and adjust 
the amplitude balance. 
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7. Switch to FUNCTION 6. If the desired 
hyperbola has not already been crossed, the 
two pulses will be coming together. When 
they are aligned vertically, the aircraft is on 
the hyperbola through destination, and 
should be turned to the true course of that 
hyperbola. If, at any time, the slave pulse 
(top trace) is to the right of the master 
pulse (bottom trace), the aircraft is on a 
hyperbola of higher value than that set in 
the receiver. If the slave pulse is to the left 
of the master pulse, the aircraft is on a 
hyperbola of lower value. 

Rule of Thumb: Slave left, low. 

The direction to alter, right or left, depends 
on the direction of flight and the layout of 
the hyperbolas. Use landfall procedure to get 
on the desired hyperbola, and continue to 
monitor FUNCTION 6 until arriving at des- 
tination. 


APN-70 HOMING PROCEDURES 


1. Same as APN-9. 

2. Same as APN-9. 

3. The value of the reading to set in the 
APN-70 is the value of the desired hyperbola 
with any known instrument correction ap- 
plied with the sign reversed. If sky waves 
are used, the sky wave correction should be 
applied in reverse. 


4. Set the desired reading on X-DELAY or 
Y-PELAY counters. Do not touch counter 
crank again. 


5. On FUNCTION 1, use the L-R SWITCH to 
place the master pulse on the pedestal on the 
top trace. 


6. Same as APN-9, except: Adjust gain 
controls. 


7. Same as APN-9, except: Switch to 
FUNCTION 4 (APN-70 homing function) ; 
slave pulse is on the bottom trace. 
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OF LORAN (APN-9 AND APN-70) 
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Most malfunctions are either in the signal 
channel or the power source, or deal with 
the calibration of the set. ’ 


MALFUNCTION: NO SIGNALS RECEIVED 


1. Make sure that the set is connected to 
the antenna. 


2. Wiggle antenna cable and pip connec- 
tor ; they may be loose. 


3. Use sufficient receiver gain. 


4. Check circuit breakers for the coupler. 
If they have “popped” out and will not re- 
main in, there is a short somewhere in the 
antenna coupler. 


5. Check the coupler. 


NOTE: On some aircraft, there may 
be more than one coupler—a mas- 
ter coupler and a separate coupler 
for each set. If so, check the master 
first. Next, if the exact location of 
the coupler unit is not known, it 
can be located by tracing the an- 
tenna cable from the loran set. The 
coupler is a small metal box about 
four inches high, with two antenna 
connections on one side and one on 
the other. 


TUNING 


ADJUSTMENT 


ANTENNA 
CONNECTOR 


CU 92/7APN 





CU-92/APN Coupler | wale 





6. Check the fuse on the coupler. 


7. The CU-92/APN coupler can be tuned 
for maximum reception as follows: 


a. By tuning in a station pair with the 
FUNCTION switch on 1. Position the signal on 
the left-hand edge of the bottom trace, and 
center the AMPLITUDE BALANCE knob. 


b. Switch to FUNCTION 2 and center the 
signal on the upper trace. Adjust the GAIN 
CONTROL until the signal is approximately 
one-half inch in height. 


c. Remove the small cap from the coupler 
and insert a screw driver. With an assistant, 
adjust the coupler for maximum reception. 


8. To simplify installation, on some air- 
craft the AN/APN-70 shares the antenna 
used by the aircraft’s communication equip- 
ment. The CU-307/U coupler amplifies the 
desired loran signals while attenuating 
others. It has the plug connection plainly 
marked. Check for proper connection. There 
is a “Tuning Stick” adjustment which can 
be adjusted for maximum reception. 


9. On some aircraft (C-124, T-29) it is 
possible to replace the trailing wire antenna 
fish in flight. A spare reel and fish are car- 
ried on C-124, in P compartment, fastened 
to the side of the fuselage beside the trailing 
antenna installation; on T-29, underneath 
the floor boards by the antenna couplers. 


AUXILIARY 
RECEIVER 
CONNECTOR 


LORAN RECEIVER 10-17 


COAXIAL CONNECTOR 
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efore attempting to work on the antenna, 
ill the circuit breakers. Remove the com- 
ete antenna assembly by loosening the 
itenna connector, large wing nut, and snap- 
‘pe fastener on antenna pipe bracket. Re- 
ove the old wire from pipe, and feed wire 
‘om spare reel through pipe, attaching 
yare fish to clip on end of wire. Remount 
yare reel and spindle, and replace assembly. 
eturn old reel to storage space, note in 
orm 781-2 that extra reel and fish have 
2en installed. 


10. If the aircraft is not equipped with an 
Ktra coupler or replacing the old coupler 
oes not remedy the malfunction, the set may 
‘ill be used by attaching a jump wire to 
nother antenna (radio). 


CAUTION 
Do not leave this wire connected 
while the radio equipment is trans- 
mitting. 






MALFUNCTION: NO POWER 
Check inverter operation, the fuse between 


he inverter power supply and loran set, and 
ne fuse on the set. 


MALFUNCTION: FREAK PULSES 


Shifting or blinking is introduced at the 
lave station when transmission synchroni- 
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zation is lost. This should stop in a short 
time. Spillover signals are caused by the 
wrong channel setting; ghost signals by the 
wrong PRR setting. 


MALFUNCTION: SET WILL NOT 
STAY IN CALIBRATION 


When the set overheats, it will be difficult 
to keep in calibration. Turn the set off, allow 
it to cool for 15-20 minutes, recalibrate if 
necessary. Turn the set off when not in use. 


MALFUNCTION: ONLY ONE SIGNAL 
VISIBLE ON FUNCTION 1 


1. Obtain DR position and determine 
reading for loran hyperbola for that posi- 
tion. 


2. Preset this reading into the set on 
FUNCTIONS 4 and 5 (APN-9). 


3. Return to FUNCTION 1 and with L-R 
SWITCH place visible blip in notch on bottom 
trace. 


4. Turn to FUNCTION 2, turn up RECEIVER 
GAIN and turn AMPLITUDE BALANCE from 
clockwise to counterclockwise. If within 
range, the other blip will show; if not, return 
to FUNCTION 1 and with L-R SWITCH, run 
blip to left-hand edge of bottom trace and 
repeat steps. 
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MALFUNCTION: L-R SWITCH CAUSES 
NO MOTION OF SIGNALS ONE 
WAY OR THE OTHER 


1. Usually, B adjustment; hold L-R 
SWITCH in position giving no motion, and 
adjust B until proper motion appears. 


2. Less frequently, A or L-R adjustments 
need attention. 


MALFUNCTION: ONE PARTICULAR PAIR 
OF SIGNALS WILL NOT STOP 


1. Drift control needs tuning. 


2. B, R-L, 2, 4, 6, or F adjustments need 
slight retuning. 
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CAN BE SEEN ON FUNCTION 2 


1. Use AMPLITUDE BALANCE control. 


NOTE: When using either set, you 
may find that a remedy cannot be 
found in the signal channel. In this 
case, it is possible to use the liaison 
radio set at the radio operator’s 
position. A jump wire can be fash- 
ioned for this purpose which can 
easily be connected from the an- 
tenna connection on the loran set 
to the radio. Be sure the keying 
switch on the radio is not operat- 
ing when using the jump wire or it 
will interfere with the loran signal 
reception. 


MAY 1959 


MALFUNCTION: ONLY ONE SIGNAL 


2. Make sure the signals are in the notches 
on FUNCTION l. 
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If you carry a trouble-shooting set with 
spare tubes, the following will guide you in 
replacing tubes. When changing tubes, re- 
member that the APN-70 has 90 vacuum 
tubes. Overheating shortens tube life. Tube 
failure comprises 90% of the APN-70 mal- 
functions. Turn the set off if it is not to be 
used for any extended length of time. Keep 
the navigator’s side ventilator turned toward 
the side vents of the set to help dissipate 
heat. 


43) ©) 412 
OO 431Q) 41 
OC O48© 
C) CE 426OE 
OO 472 
C) ©) 4280) 
C) C420 CE 


C) C430 CE 
Q OC 4052 
C) ©) 406 ©) 407 


408 409 


© 


Timer Unit (upper ) 
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pe 2 © © © © © © TROUBLE-SHOOTING 


Use care in aligning pins when changing 
tubes. Each tube has only one correct posi- 
tion in the socket. 


If a malfunction occurs that cannot be 
corrected, give the maintenance personnel a 
write-up in the Form 781-2 that clearly and 
concisely describes the trouble. Use a smal] 
drawing if necessary. 


See the accompanying trouble-shooting 
guide and tube location chart. 


209 210 211 


OOO 


208 204 


I IO® 


206 207 


Deflection Unit (lower) 





Tube Location Chart 
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““V"" Number Chart 


NOTES 


1. The ‘'V’’ number of a tube is stamped on the 
chassis beside the tube’s socket. 


2. The V-455 (Thyratron) type tube is used on 
0th “‘Y’’ and ‘‘W”" delay positions. This tube has 
een the most common one to fail. Neither side 
vill operate without it. It may be replaced with 
sither the V-432 or V-424 with corresponding loss 
of the "Y”’ or '‘W” side. Failure of the V-455 tube 
ery often will not be indicated on a tube tester. 
Additionally, after failure in its own position, this 
ube will often still work satisfactorily in the V-432 
yr V-424 position. 


““v"" Number JAN Number: 
201 5931 
202 5Y3WGT 
203 6080 
205 6080 
207 OB2 
208 6063 
217 5670 
218 5670 
AOIA 5670 
A4O1B 5670 
Al1A 5670 
411B 5670 
413 6201 
418-423 5670 
424 5696 
425-430 5670 
432 5696 
433-435 5670 
455 5696 
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CAUTION 
Power must be off when changing tubes. 


3. Except for the V-455 tube and a common 
power supply, the '‘W"’ and ‘‘Y"’ sides operate 
completely separate from each other and their 
tubes can therefore be interchanged. 


4. An error on the ‘‘drop-out point check" is 
acceptable provided the error is the same on all 
station rates. 

5. An aircraft inverter voltage fluctuation of + 5v 
may cause the set to stop operating or damage 
the set, or both. 


Civ Number: Function 
5U4 Main Rect. 
Same 260V Rect. 
6AS7 260V Reg. 
6AS7 260V Reg. 
6074 105V gas reg. 
6X4W 105V rectif. 
2C51 Pedest. amp. 
2C51 Pedest. Gen. 
2C51 Video amp. 
2C51 Y delay C. I. 
2C51 W delay C. I. 
2C51 Goniom. driv 
12AT7 Sine Wv. Amp. 
2C51 W delay C. I. 
none W Thyrathron 
2C51 _ Y delay C. I. 
none Y Thyratron 
2C51 1 to 3 Count 
none Main Thyra. 
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APN-70 TROUBLE SHOOTING CHART 


Scope Indications: : Correction: Remarks: 


(On both Y and W) 
Func. #1 Dot in center If dot deflects 
#2 to #4 to left when 
Dot on left Replace with changing functions, 
#5 Dot on left V-432 or power sect. is o.k. 
with vert. swp V-424 Gain must be fully 
(%2") up from CCW. 
dot. 









"‘Y"' side inoperative V-432 Use ‘'W”’ side 
Use ‘'Y"’ side 





““‘W"" side inoperative 


Func. #1 No pedestals, 





























no trace 

separation Replace with tubes Replace tubes from 

(single) V-425 to V-430 the side opposite the 
Func. #2 to #5 V-217 (W side) or one with the mal- 

No sweep (dot V-418 to V-423 function. 

only, at left) (Y side) 


Gain works normally 






Func. #1 No pedestals. 
No sweep on 
function 2, 3, 
4, 5. Normal V-128 
trace separation. 
Gain works 

normally. 








Same as above 
















V-425 to V-430 will 
give varying degrees 
Use opposite of multiplication, 
delay depending on tube 
concerned. 






Func. #1 Multiple 
pedestals on V-425 to 
lower trace. 















Func. #1 Both delays: 















"“Y¥" side— Replace V-41] 

Blinking lower V-413 or with V-425 to No replacement tube 
pedestals. V-411B V-430 (W side) for V-413 

““W"" side—No or V-418 to 


lower pedestals. V-423 (Y side) 








“W"" delay: Two upper 
pedestals. 


Use opposite side 
or replace with 


V-425 to V-430 
or V-418 to V-423 


V-411A 







"*Y"’ delay: Two upper 


pedestals. eae 
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APN-70 TROUBLE SHOOTING CHART (CONT’D) 


Scope Indications: Cause: Correction: Remarks: 


Func. #1 Dot in center 


V-409A 
= sa : left V-433 Replace with A deflection of 
ee V-425 to V-430 the dot to the left 
#5 Dot on left (W side) or on rune: 2,3, and 
V-418 to V-423 4 indicates pwr sect. 
no vert. V-434 or (Y side) sieart 
indication. V-435 _ is O.k. 


Gain works. 





POWER SECTION TROUBLES: (lower unit) 


Scope Indication: Cause: 
Func. #1 Dot in center Func. #1 Dot in center 
#2 to #5 #2 to #5 
Dot deflects approx. V-202 or V-205 Dot deflects 1” to 
1” left of center. : left and has 
Gain is inoperative. approx, 1” 
vertical indication. 
Func. #1 Dot in center Gain is inoperative. 
#2 to #5 
Dot moves to left. Two traces and pedestals but 
No vert. indication V-201 or V-203 entire scope picture is ‘blown 
from dot. up.” 


Gain is inoperative. 





NOTE: Power tube malfunctions not repairable. No spare tubes in set. 
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(APS-42/APS-42A) 


PREFLIGHT (POWER OFF) 


1. Check all plugs and cables for condition 
and fit. 


2. Check the controls of the control box 
for the preliminary positions as follows: 


FUNCTION Off 

SCAN Stop 

GAIN Fully CCW 
DELAY 175 miles 
STAB Out 

HTR Out 
OBS-MAP OBS 

STC Out 

TUNE AFC 
RANGE 10 miles 
A-J Out 

TILT Center Position 


NOTE: The TILT switch is spring- 
loaded and returns to the center 
position after use. If the antenna 
is tilted, as shown by the TILT 
meter, it cannot be returned to zero 
until the equipment is operating. 


3. Check the range azimuth indicator 
operating controls for the following posi- 
tions: 


INTENSITY Fully CCW 
FOCUS Fully CCW 
LIGHTS Fully CCW 
CURSOR Center at 0 


4. The pressure controls should be in the 
following positions: 
SWITCH Normal 
PRESSURE INDICATOR Indicates normal 


PREFLIGHT (POWER ON) 


1. Turn the FUNCTION switch from OFF to 
STANDBY. This starts a 3-minute warmup in 
which the radar circuits are inoperative. As 


the tilt control will operate the antenna but 
not the tilt meter at this time, it may be 
operated to indicate when the 3-minute 
warmup period is over. When the tilt meter 
moves from 0°, the set is ready to operate. 


2. The HTR switch normally is left in the 
OUT position. However, it may be used for 
cold weather. Use it in the HTR position for 
five minutes if the ambient temperature is 
around —10°C; use it for ten minutes if the 
ambient temperature is around —55°C. If 
used in the HTR position, the FUNCTION 
switch should be left in the STANDBY position 
for three minutes after turning the HTR 
switch to OUT. Since HTR switch in the HTR 
position cuts out the radar circutts, it should 
always be left in the OUT position while the 
set 1s in operation. 


NOTE: The antenna for the APS- 
42A does not employ heaters, as 
satisfactory operation is obtained 
without their use. However, the 
radar control box has the HTR posi- 
tion in order to satisfy the inter- 
changeability requirements. When 
the APS-42A is used, the HTR posi- 
tion of the switch is not connected. 
When using the APS-42A at low 
ambient temperatures, turn the 
SCAN switch to FULL and the RANGE 
switch to 100 miles before turning 
the FUNCTION switch from OFF to 
STANDBY. Wait at least five minutes 
before selecting any combination 
giving a fast scan rate of selector 
scan. If ambient temperature is be- 
low —20°C, wait ten minutes be- 
fore changing the scan rate. 


3. After the warmup, turn the INTENSITY 
knob on the indicator clockwise (CW) until 
the trace is distinct. 
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. Adjust the FOCUS knob on the indicator 
il the trace is thin and sharp. 


. Rotate the INTENSITY control slowly 
nterclockwise (CCW) until the sweep 
‘is just visible on the screen. 


. Adjust the edge light on the indicator 
the most satisfactory viewing. 


. Check all other switches (except the 
, switch) and controls for proper opera- 
| and indication. 


. Check both indicators. 


PREFLIGHT (TURNOFF PROCEDURE) 


. It is important that the turnoff pro- 
ures be followed step by step to avoid 
1age to the set. 


GAIN Fully CCW 

SCAN Stop position 

INTENSITY Fully CCW (both indicators) 
STAB OUT position 


FUNCTION OFF position 


. Check all other controls and switches 
RELIMINARY POSITION. 


OPERATION FOR SEARCH 


, Set the FUNCTION switch to SEARCH 
tion. 


. Place SCAN switch to FULL position. (In 
position on some aircraft, the antenna 
tes 360°. On other aircraft, it scans a 
> sector, 120° either side of the aircraft 
ling.) With the antenna rotating, range 
ks appear on the face of the indicators. 


Observation of specific objects in the 
ction of the aircraft heading is slightly 
roved by utilizing SECTOR scan. General 
rage of the area is obtained with the 
4. scan condition. 


Rotate GAIN control CW until targets 
2ar on the scope. Adjust the GAIN con- 
for best display—that is, for clearest 


viewing and highest degree of definition. 
For optimum adjustment after the proper 
setting of the GAIN control, the INTENSITY 
control on the scope should be reduced so 
that the sweep trace is barely visible. 


5. Utilize the A-J switch to obtain better 
definition of the targets. Heavy masses of 
objects or sea returns that may obscure 
lesser objects will be materially reduced by 
setting the A-J switch to the FTC position. 
Further sharpening of the display may be 
obtained by utilizing the IAGC position. Uti- 
lize the position that gives the clearest indi- 
cation and readjust the GAIN control if 
necessary. The A-J switch should not be used 
unless it is necessary to obtain the proper 
definition; such use reduces the overall sen- 
sitivity of the video circuits and makes small 
objects, such as approaching aircraft, more 
difficult to detect on the longer ranges. 


6. Place the STC switch in the STC posi- 
tion. This will reduce the intensity of nearby 
objects, ground clutter, and sea returns. 
This is especially useful in reducing the 
intensity at the center of the scope on the 
100- and 200-mile ranges. The STC circuits 
are effective up to 10 miles of range. Utilize 
the STC switch position (STC or OUT) that 
gives the clearest indications. 


7. Place the STAB switch in the STAB posi- 
tion. This activates the roll and pitch stabili- 
zation mechanism and circuits, and keeps 
the antenna in its normal position relative to 
the horizon regardless of the roll or pitch of 
the aircraft. 


8. When the aircraft is airborne, terrain 
objects will be more apparent on lesser 
ranges when the OBS-MAP switch is in the 
MAP position. The mapping beam, which has 
an equal energy return pattern (co-secant- 
squared beam), is utilized to its best advan- 
tage when the antenna is set at zero tilt and 
the stabilizer is in operation. The OBS posi- 
tion utilizes the pencil beam, which is gen- 
erally used to observe objects at longer 
ranges or at the same approximate altitude 
of the aircraft. When observation of a 


HRQODDeEOBRHBAeeaeweerarwrtaaAararaan 





y/ 








S S39V FT Oe gagaWw@wwseTwTeTwTwTvTve ss’ VY 


@ & 





D> 





> 





> 





particular object is desired, the antenna TILT 
switch may be used for the desired elevation 
or depression angle necessary for the best 
scope presentations. 


9. Optimum detection and indication with 
the mapping beam is generally obtained 
when the antenna tilt is set at zero. The 
normal tilt setting of the antenna, when the 
OBS beam is used, is 0°. This condition is 
normal for observing obstacles or objects at 
the same approximate altitude of the air- 
craft, and the longer range ground targets. 
Such objects may include mountain ranges 
and peaks, clouds, or other aircraft. It 
should be noted that under these conditions, 
nearby terrain objects are less clear on the 
scope than when using the MAP beam. Other 
degrees of antenna tilt may be used at the 
discretion of the operator. These conditions 
generally involve the observation of partic- 
ular objects which require elevation or 
depression of the antenna for the best indi- 
cation. 


10. The theoretical maximum range of 
this set is 205 nm (175 + 30). However, the 
maximum range of all radar sets is limited 
not only by set design, but also by the line- 
of-sight propagation characteristics. The 
maximum range that can be attained at a 
given altitude due to line-of-sight limita- 
tions may be calculated from the formula 
R = 1.08 Yh where R is the range in 
nautical miles and h is the altitude in feet. 
(Also see illustration, Maximum Range, in 
Radio section). 


11. All ranges shown on the scope are 
slant ranges. At longer ranges, slant range 
so closely approximates ground range that 
they may be considered equal. However, 
under certain conditions, precise navigation 
demands that slant range be converted to 
ground range. The following formula may be 
used to determine the critical range below 
which such conversion should be made: 


Absolute altitude — 5000 critical 
1000 ~ slant range 
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If conversion is necessary, it may be done by 
one of the following methods: 


PYTHAGOREAN THEOREM: 


This theorem states that the square of the 
hypotenuse of a right triangle is equal to the 
sum of the squares of the other two sides; 
le., C? = A? + B*. The slant range is sub- 
stituted for the hypotenuse (C), the altitude 
of the aircraft is substituted for one side 
(A) of the triangle, and the other side (B), 
when solved, becomes the ground range. 


COMPUTER METHOD: 


Slant range can be converted to ground 
range on the computer by constructing the 
right triangle of ground range, slant range, 
and altitude in nautical miles. Find ground 
range as follows: 

a. Convert the absolute altitude from feet 
to approximate nautical miles by dividing 
by 6,000. 

b. Set the computer azimuth with the 
index on a cardinal] heading. 

c. Use the vector side of the slide and 
measure down from the grommet the amount 
of the absolute altitude in nautical miles; let 
a scale of 10 on the computer equal 1 mile. 

d. Rotate the computer 90° to another 
cardinal heading. 

e. Adjust the slide so that the ground- 
speed line under the outer end of the plotted 
altitude vector equals 10 slant range. 


NOTE: Slant range is represented by 
a groundspeed line on the computer 
slide. For instance, if the slant 
range is 14 nm, use the 140 ground- 
speed line. 


f. Read the ground range under the 
grommet. 


12. Different range settings may require 
slight readjustment of the antenna tilt for 
the desired beam coverage. When the RANGE 
switch is in the TD position, the manually 
variable 30-mile range sector is displayed 
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on the scope. This range sector affords the 
operator a magnified presentation of objects 
on the longer ranges. To insure accurate 
range when using 30 TD, superimpose the 
variable delay marker on a fixed range 
marker (on 30-, 100- or 200-mile range) 
equal to the desired delay—then return to 
30 TD for operation. For tuning, turn the 
TUNE switch to MAN and check whether 
sharper tuning may be obtained manually 
than with AFC. 


OPERATION FOR BEACON 


1. Set FUNCTION switch in BEACON posi- 
tion. (The MAP circuit is automatically in- 
corporated in this position no matter what 
the position of the OBS-MAP switch.) 


2. Set RANGE switch to the desired range 
where beacons are expected. A picture of all 
the beacon stations within the range of the 
equipment may be obtained by utilizing the 
200-mile maximum range. For reading dis- 
tant beacons, the RANGE switch may be 
placed in the TD position, thus providing an 
amplified view within the 30-mile range 
sector. 


3. Utilize the antenna stabilization by 
placing the STAB switch in the STAB position. 


4. Adjust the SCAN switch to the position 
giving the type of scanning desired, SECTOR 
or FULL. If the beacon station is being used 
for homing, or is within a sector of 120° 
ahead of the aircraft, the SECTOR scan may 
be preferred. 


5. Adjust the GAIN control for the best 
presentation of beacon signals. 


6. Adjust the TILT switch for the best 
signal response. 


7. The range may be determined from the 
range markers. All ranges to beacon stations 
are one half mile less than the range to the 
first element of the beacon signal. 
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8. Intermittent rather than continuous 
operation on BEACON is recommended to 
avoid overloading the beacon transmitter. 


OPERATION FOR WEATHER 


The weather function furnishes indica- 
tions of cloud and storm front formations. 
Locations of formations are presented on 
the scope in terms of range and azimuth in 
the same manner as for SEARCH operation. 


1. Set FUNCTION switch in WEATHER posi- 
tion. 


2. Place the RANGE switch in proper posi- 
tion to cover the range within which infor- 
mation is desired. When making the initial 
survey of the area, it may be preferable to 
make observations in the maximum 200-mile 
range, and then to select the lesser range or 
the 30-mile TD sector to observe particular 
formations. 


3. Adjust the SCAN switch to the position 
giving the type of scanning desired, SECTOR 
or FULL. If storm avoidance is of primary 
concern, place the SCAN switch in the SECTOR 
position. 


4. Place the OBS-MAP switch in OBS posi- 
tion. The obstacle or pencil beam gives the 
best presentation of cloud and storm front 
formations, since it eliminates ground tar- 
gets and clutter. 


5. Adjust antenna tilt with the TILT 
switch to its zero position; the antenna tilt 
should be varied slightly with the TILT 
switch around its zero point for the most 
clearly defined presentation. On OBS opera- 
tion, proper tilt adjustments will practically 
eliminate ground indications and supply the 
best picture of weather conditions. 


6. Heavy clouds and storm fronts having 
high moisture content produce stronger and 
more intense indications than lighter clouds 
and lighter formations do. Thus, the scope 
provides information for penetrating heavy 
weather areas along paths of least intensity. 
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OPERATION FOR TARGET TIMING 
(WIND RUN METHOD) 


1. Tune the radar set for standard search 
procedure and set the RANGE switch to a 30- 
mile range. 


2. Select a sharply defined target with a 
relative bearing of 350° to 010° and between 
the 30-mile range marker and the 25-mile 
range marker. 


NOTE: For greater range and sharp- 
er definition of target, the 30-mile 
TD can be used. This can be accom- 
plished by superimposing the TD 
marker on the 25-mile fixed range 
marker. This should be done on the 
30-mile SCAN. 


FIRST METHOD 


a. As the target crosses the 25-mile range 
marker, read the relative bearing and start 
the stop watch. 

b. Read the relative bearing as the target 
crosses the 20-, 15-, 10- and 5-mile range 
markers. Stop the watch as the target 
crosses the 5-mile range marker. Convert al] 
ranges to ground range, if necessary. 


c. Place the square grid of the DR com- 
puter under the transparent face and center 
the zero line under the grommet. Turn the 
azimuth ring until the relative bearing taken 
at the 25-mile range mark is under the in- 
dex. Measure down the center line from the 
grommet a distance equal to the ground 
range that is equivalent to 25 miles slant 
range, and mark the intersection. Repeat 
this step using the appropriate ground 
ranges, with the relative bearings taken on 
the 20-, 15-, 10- and 5-mile range markers, 
and make marks on the intersections with 
the corresponding number of units. 

d. Rotate the azimuth ring until the line 
of marks parallels the center line of the 
square grid; read the drift angle under the 
TRUE INDEX marker. If the N marker is left 
of the TRUE INDEX, the drift will be right 
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(minus drift corrections); and if the N 
marker is right of the TRUE INDEX, the drift 
will be left (plus drift correction). 


e. Groundspeed is obtained from timing 
the target for 20 miles change in slant range 
distance, and placing this time on the com- 
puter opposite the ground distance traveled. 
Wind is obtained from the resulting ground- 
speed, drift, true heading, and true airspeed. 


Example: 
Given: TAS, 200k 
- Time, 5144 minutes 
TH, 070° 
Altitude, 12,000 ft. 
Target at 25 miles—relative bear- 
ing 358° GR 25 
Target at 20 miles—relative bear- 
ing 260° GR 20 
Target at 15 miles—relative bear- 
ing 002° GR 15 
Target at 10 miles—relative bear- 
ing 005° GR 10 
Target at 5 miles—relative bear- 
ing 009° GR 4.5 


Find: Drift (5° left) 
Groundspeed (224k) 
Wind velocity and direction (209° 
/30k) 


SECOND METHOD (TO BE USED ONLY WITH 
TARGETS WITHIN 10° OF HEADING MARKER) 


a. Take the first relative bearing from 10 
to 30 miles out. Take the second bearing 
reading at one half the distance the first one 
was taken. 


b. The target run from the first reading to 
the second reading is timed by stop watch. 
The time thus obtained and the ground dis- 
tance between readings give the ground- 
speed. 

c. By adding true heading, both relative 
bearings are changed to true bearings. Twice 
the first true bearing less the second true 
bearing will give the track. 
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d. With the track, groundspeed, true head- 
ing, and true airspeed known, the wind is 
obtained by the standard procedure on the 
face of the computer. 


Example: 

Given: TAS, 200k 
Time, 234, minutes 
TH, 070° 
Altitude, 12,000 ft. 
Target at 20 nm, RB 005° 
Target at 10 nm, RB 015° 


Find: Drift (5° left) 
Groundspeed (218 k) 
Wind direction and velocity 
(202° /25k) 


TROUBLE-SHOOTING AND INFLIGHT 
MAINTENANCE 


MINOR ADJUSTMENTS 


1. AFC Operations. If the AFC is not work- 
ing properly, turn to SCAN position and turn 
the AFC control CW until maximum bright- 
ness occurs along the trace. Then switch the 
SCAN control to the desired position. This is 
especially useful in BEACON operation. 


2. FIXED RANGE MARKER INTENSITY Ad- 
justment. Adjust R810 on the front panel of 
the synchronizer for desired intensity. 


3. VARIABLE DELAY MARKER INTENSITY Ad- 
justment. Adjust R801 on the front panel 
synchronizer for desired intensity. 


4. VIDEO-GAIN Adjustment. Adjust R1501 
for best visual indication of targets as com- 
pared to range marks. 


NOTE: R1501 is located under the 
dust cover at the left rear of the 
indicator. If it is not accessible 
through an access plate, the back 
half of the indicator dust cover will 
have to be removed. 


TROUBLE-SHOOTING 


If the set is not operating properly, check 
all fuses and circuit breakers. Check all 
visible cables and cable connections. 


WARNING 


Turn off set before checking or 
replacing any fuse. If any circuit 
breaker or fuse blows more than 
once, do not attempt to replace it. 













LOCATION OF FUSES 


Name Location Size 
Fuse F-801 Synchronizer 5 Amps 
Fuse F-802 Synchronizer 3 Amps 
Fuse F-401 Revr/Trans 10 Amps 
Fuse F-402 Revr/Trans 5 Amps 
Fuse F-403 Revr/Trans 3 Amps 


AIRBORNE RADAR APPROACH 


This is similar to a GCA, except that it is 
performed by the navigator and pilot work- 
ing as a team. 


1. Use the published approach procedures 
as the primary aid in planning. Consider the 
size and direction of runways, field eleva- 
tion, and obstructions. 


2. Identify the airfield on the scope and 
direct the aircraft in such a manner as to 
enter the approach pattern at the correct 
altitude on the proper heading. 


3. Using a combination of DR and radar 
monitoring, talk the pilot through the ap- 
proach pattern and line the aircraft up with 
the proper runway. 


4. On the final approach, assist the pilot 
in starting the descent at the proper range 
and keep him constantly informed as to the 
distance to the approach end of the runway, 
as an aid in maintaining the glide path. 


5. Give heading corrections as needed to 
keep the aircraft lined up with the runway. 
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(AN/APN-69) 


PREFLIGHT (POWER OFF) 


1. Check antenna for security and condi- 
tion. 


2. Verify that DC and AC circuit breakers 
for the APN-69 are depressed. 


NOTE: If equipment is protected by 
fuses instead of circuit breakers in 
a given aircraft, verify that spare 
fuses of the proper value and size 
are available. The active fuses 
should not be removed for check- 
ing, since excessive handling will 
damage the fuse holders. 


3. Check all cannon plugs and cables to 
the control boxes and to the R/T unit for 
condition and security. 


4. Disconnect the suppressor cable to the 
Search Radar Synchronizer in preparation 
for the Preflight (Power On). The cable may 
be disconnected at either end, but is nor- 
mally easier on the APN-69 R/T unit. 








NOTE: For normal inflight opera- 
tion, the suppressor cable should be 
connected at all times. 


5. Set controls to the proper preliminary 
positions. 
MASTER POWER switch Off 
EMERG-NORM Selector switch Emerg. 


NOTE: Normally, the APN-69 is op- 
erated from engine-driven alterna- 
tors. For ground operation without 
engines running, an emergency 
power source (inverter) is utilized. 


CODE SELECTOR switches Set 
Briefed 
Code 


_ i i 
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BEACON 


CAUTION 
Do not set more than six selector 
switches to the ON position at any 
one time, including the first switch. 










VOLUME knob Fully CCW 


6. Place the APN-69 MONITOR toggle 
switch on the interphone mixer panel (some 
aircraft) to the ON position. On aircraft 
with this installation, the navigator can 
check operation of the APN-69 by listening 
for a periodic clicking noise in the inter- 
phone as the beacon is triggered. 


PREFLIGHT (POWER ON) 


1. After obtaining clearance from other 
crew members, apply DC and AC power and 
check voltage and frequency. 


2. Place the search radar equipment in 
full operation, on BEACON function. 


3. Turn the APN-69 MASTER POWER 
Switch to OPERATE and allow a 3-minute 
warmup. 


NOTE: Since the equipment has an 
automatic 3-minute delay when 
first energized, it is not necessary 
to utilize the STANDBY position 
when turning the set on. 


4. When the delay period is completed, 
the green TRANSMITTER ON indicator light 
will come on, indicating that high voltage 
has been applied to the transmitter, and the 
beacon is ready for automatic operation. 


5. Check that the beacon code set in the 
APN-69 appears on the scope of the search 
radar. Due to the proximity of the APN-69 
antenna, the signal will normally appear as 
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concentric circles, rather than as the small 
arcs of a normal beacon signal, but the code 
should be identifiable. As a further check, 
see that the signal disappears when the 
APN-69 MASTER POWER switch is placed 
momentarily in the STANDBY position. If de- 
sired, the code settings may be varied and 
checked. 


6. For aircraft so equipped, ascertain that 
a clicking noise is heard over interphone 
when the beacon is triggered. (Aircraft 
equipped with APN-69 MONITOR circuit). 


PREFLIGHT (TURN OFF) 


1. Turn the MASTER POWER switch OFF. 


2. Turn the APN-69 MONITOR toggle 
switch on the interphone mixer panel OFF. 


NOTE: The VOLUME CONTROL knob 
may be left in the full clockwise 
position for inflight use. 


3. Recheck that CODE SELECTOR switches 
are still set to the briefed code for the 
mission. 


4. Replace the APN-69 suppressor cable. 


5. Turn the EMERG-NORM selector switch 
to NORM. 


OPERATION 


1, When the receiver is approximately 350 
nm from the orbit area, check that appro- 
priate power supplies are operating, and 
turn on the APN-69 as outlined in the Pre- 
flight (Power On). 


2. Recheck that the CODE SELECTOR 
switches are set to the briefed code for the 
mission. 


3. On aircraft so equipped, turn ON the 
APN-69 MONITOR toggle switch on the inter- 
phone mixer panel and check for indication 
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of operation, after the green TRANSMITTER 
ON indicator light comes on. 


4. Operation of the APN-69 is fully auto- 
matic. However, the homing aircraft may 
request that either the APN-69 be placed 
momentarily in STANDBY, or that the code be 
changed as a further check on identification, 
particularly if other beacons are operating 
in the vicinity. 


5. When the rendezvous has been com- 
pleted and continuous visual contact is as- 
sured, turn the APN-69 OFF as outlined in 
Preflight (Turn Off). 


HOMING ON THE APN-69 BEACON 


1. Although the APN-69 beacon signal 
can be picked up in excess of 300 nm, diffi- 
culty may be encountered in identifying the 
coded signals at extreme ranges. The follow- 
ing steps will give the best results: 


a. When a signal is first picked up, set 
the sweep delay to the range of the signal, 
or maximum sweep delay, whichever is less. 


b. Reduce scope range to the smallest 
range which will permit the signal to be 
displayed in the outer third of the scope. If 
possible, the 30-mile range should be used. 


c. If the search radar is equipped with an 
ANTI-JAM CONTROL, turn to ON. On later 
equipment, turn the FTC switch to ON. 


NOTE: A proposed modification to 
R/T unit on later radar equipment 
will eliminate the necessity of using 
ANTI-JAM or FTC controls. 


d. If the search radar offers a choice of a 
linear sweep or logarithmic sweep, use the 
linear function. 


e. Adjust VIDEO GAIN, BRILLIANCE (BIAS), 
and/or RECEIVER GAIN for clearest presenta- 
tion. A RECEIVER GAIN setting slightly lower 
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than normal for SEARCH operation should be 
used. 

f. Adjust the TILT control as required for 
best reception. 
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3. Notify other crew members of the 
range to the beacon as required. If a descent 
is to be accomplished, alert the pilot approxi- 
mately five miles before descent range is 
reached and call range in 1-mile increments 


NOTE: At close ranges, tilt becomes until descent is initiated. 


critical and should be adjusted 


frequently. 4. As formation position is approached, 


call ranges to the beacon in 1-mile incre- 
ments to aid pilot in decelerating and in 


Tf identification t-SGll-dimeule: vecep: fete 
g. If identification is still dificult, recep establishing formation airspeed. 


tion may be improved by use of manual 
tuning in the BEACON function, if the search 
radar is So equipped. 


2. Once the beacon signal has been identi- 
fied, correct the aircraft heading to establish 
a collision course with the beacon signal, 
unless other tactical considerations require 
a different approach. 


NOTE: At long ranges, or if the two 
aircraft are at different altitudes, a 
relative drift will exist. If the dif- 
ferential or relative drift is not 
known, the heading marker may be 
initially placed through the center 
of the beacon signal. Then, when 
the relative drift is established, 
turn the aircraft until the heading 
marker is drift angle upwind of the 
signal. If the two aircraft are not 
on the same course, the difference 
will also appear as relative drift of 
the beacon signal, and can be com- 
pensated in the same manner. 
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PREFLIGHT (POWER OFF) 


1. Check transmitting antenna for secur- 
ity and condition. 


2. Check receiving antenna for security 
and condition. 


3. Verify that AC and DC circuit breakers 
for the APN-76 are depressed. 


NOTE: If equipment is protected by 
fuses instead of circuit breakers in 
a given aircraft, verify that spare 
fuses of the proper value and size 
are available. The active fuses 
should not be removed for check- 
ing, since excessive handling will 
damage the fuse holders. 


4. Check all cannon plugs and cables to 
the control box and R/T unit for condition 
and security. 


5. If an AN/APN-12 is installed in the 
same aircraft, disconnect the suppressor 


able connecting the two R/T units, in prep- 


aration for the Preflight (Power On). 


6. Set controls on APN-76 Control Box to 
the proper preliminary positions. 


POWER OFF 

RECEIVER STANDBY 

TRANSMITTER OFF (mid position) 
(if applicable) 

GAIN Fully CCW 

PAIRED PULSE PAIRED 
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NOTE: In normal operation, the 
switch is left in SINGLE position, 
but it is placed in PAIRED position 
for preflight for ease of reading the 
signal. 


TRANSMITTER Same Channel as 
Channel Selector APN-12 RECEIVER 
Channel Selector. 


RECEIVER Same Channel as 
Channel Selector APN-12 TRANS- 
MITTER Channel 

Selector. 


PREFLIGHT (POWER ON) 


1. Obtain power application clearance 
from other crew members. 


2. Apply DC and AC power and check 
voltage and frequency. DC should be 28 
volts, and AC should be 15 volts +5, and 400 
cycles +20. 


3. Turn the POWER to ON and allow a 3- 
minute warmup. 


4. After the 3-minute warmup, move the 
RECEIVER to ON. 


5. Place the TRANSMITTER (older models 
only) to Low. 


6. Turn GAIN CCW to POSITION 9 on older 
models equipped with rheostat control knob. 
On newer models with screwdriver control 
for gain adjustment, adjust to 14 turn back 
from the full CCW position. 


7. If the aircraft is also equipped with an 
AN/APN-12 transponder, check operation of 
the APN-76 as outlined in the operation of 
the APN-12. Upon completion, replace the 
suppressor cable between R/T units. 
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8. If a radio-equipped ground control sta- 
tion is available for checking rendezvous 
equipment, contact on the assigned fre- 
quency and check each channel of the APN- 
76. Coordinate settings of RECEIVER Channel 
Selector switch and TRANSMITTER Channel 
Selector switch by radio. 


NOTE: This is a more valid check on 
the reliability of transmission of 
the APN-76 than checking against 
the APN-12 in the same aircraft, 
and should be performed if 
possible. 


PREFLIGHT (TURN OFF) 
GAIN Fully CCW 


TRANSMITTER 
(if applicable) 


OFF (mid position) 


RECEIVER STANDBY 


POWER OFF 


Verify that the TRANSMITTER Channel 
Selector Switch and RECEIVER Channel Selec- 
tor Switch are set to the briefed channels 
for the mission to be flown. 


OPERATION 


1. If a radio-equipped ground control sta- 
tion is available, recheck transmission of the 
APN-76 as soon after takeoff as feasible, 
using the same procedure outlined under 
preflight. If this check is to be made, the 
APN-76 should be turned on prior to takeoff, 
as soon as the aircraft engines have been 
started and the applicable inverters/alterna- 
tors have been turned on and checked. 


2. When approximately 350 nm away 
from the orbit point, turn on the APN-76, 
as outlined in Preflight (Power On). Turn 
the TRANSMITTER switch to HIGH instead of 
to the LOW position used on preflight. 
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CAUTION 


The GAIN adjustment is critical on 
the APN-76. If the screwdriver 
control] is placed in the fully CCW 
position, the APN-76 may blank 
out. Leave the adjustment 14 turn 
back from fully CCW. If the rheo- 
stat control is installed, place on 
POSITION 9. 













3. Be sure the TRANSMITTER and the RE- 
CEIVER Channel Selector switches are set to 
the briefed channels. 


4. After performing step 3 and turning 
the RECEIVER switch to STANDBY as directed 
by the aircraft making the rendezvous, oper- 
ation of the APN-76 is fully automatic. The 
navigator in the interrogating aircraft gives 
heading corrections and range by radio dur- 
ing various stages of the rendezvous, par- 
ticularly at and just before the descent range 
is reached, since the APN-76 does not give 
the range or azimuth of the interrogating 
aircraft. 


NOTE: When radio reception is poor, 
instructions of the interrogating 
aircraft can be acknowledged by 
keying the APN-76, or by placing 
the RECEIVER switch to STANDBY for 
a predetermined length of time. 
Such a procedure either may be 
prearranged, or the navigator of the 
interrogating aircraft may issue in- 
structions “in the blind” during the 
rendezvous, and ask the receiving 
navigator to turn the APN-76 off 
and on a certain number of times 
if he receives the transmission. 


5. During the course of the rendezvous, 
the descent range should be rechecked, 
based on latest available data. 


6. After continuous visual contact is as- 
sured, turn off the APN-76 as outlined under 
Preflight (Turn Off) to eliminate a possible 
fire hazard during refueling. 
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PREFLIGHT (POWER OFF) 


1. Check the transmitting antenna for 
condition and security of mounting. 


2. Check the receiving antenna for condi- 
tion and security of mounting. Normally, 
there will be two pairs of receiving antenna, 
one pair mounted near each wing tip. 


3. Check that AC and DC circuit breakers 
for the APN-12 are depressed. 


NOTE: If equipment is protected by 

_ fuses instead of circuit breakers in 
a given aircraft, check that spare 
fuses of the proper size and value 
are available. The active fuses 
should not be removed for check- 
ing, since excessive handling will 
damage the fuse holders. 


4. Check all cannon plugs and cables to 
indicator, control box, and R/T unit for con- 
dition and security. 


NOTE: If an AN/APN-76 is also in- 
stalled in the aircraft, disconnect 
the suppressor cable between the 
two R/T units for the power on pre- 
flight. 


5. Check for proper antenna coupling on 
the indicator. 


6. Check controls for proper preliminary 
positions. 


Control box: 


POWER OFF 

RECEIVER STANDBY 
TRANSMITTER OFF (mid position) 
PAIRED PULSE Single 

GAIN Fully CCW 


TRANSMITTER Channel Briefed Channel 
RECEIVER Channel Briefed Channel 
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Indicator: 
RANGE 10 nm 
INTENSITY Fully CCW 
DELAY MAX 


ANTENNA Switching 
Motor (if applicable) OFF 


PREFLIGHT (POWER ON) 


1. Obtain power application clearance 
from other crew members. 


2. Apply DC and AC power and check 
voltage and frequency. DC should be 28 
volts, and AC should be 115 volts + 5, and 
400 cycles + 20. 


3. Turn POWER switch ON and allow a 3- 
minute warmup. 


4. After 3 minutes, turn the TRANSMITTER 
to LOW. 


NOTE: For normal inflight operation 
the switch should be placed in HIGH 
position. 


5. Adjust the FOCUS and INTENSITY con- 
trols on the indicator until a clear, well- 
defined trace is obtained on the display 
screen. 


6. Turn the RECEIVER ON. 


7. Adjust VERTICAL Center and HORIZON- 
TAL Center adjustments until the trace is 
centered horizontally on the face of the 
scope, and the bottom edge of the trans- 
mitter pulse is superimposed on the bottom 
etched (zero) line. 


8. Adjust the GAIN CCW until grass ap- 
pears on the trace. The appearance of grass 
indicates proper operation of the receiver, 
and the rectangular-shaped pulse at the base 
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ie indicates proper operation of the trans- 
tter. 


9. Place the RECEIVER Channel Selector 
ritch on each of the 8 channels, checking 
r grass on the trace on each channel. If an 
N/APN-76 radar beacon is also installed in 
e aircraft, perform steps 10 through 15. 


10. Turn the APN-76 on as outlined in 
eflight (Power On), insuring that the 
IRED Pulse switch is in PAIRED. 


11. Place the APN-76 TRANSMITTER Chan- 
1 Selector switch to the same channel as 
e APN-12 RECEIVER Channel Selector 
fitch setting, and the APN-76 RECEIVER 
1annel Selector switch to the same chan- 
1 as the APN-12 TRANSMITTER Channel 
lector switch. 


NOTE: The RECEIVER Channel Selec- 
tor switch and the TRANSMITTER 
Channel Selector switch on the 
same piece of equipment should 
always be left at least one channel 
apart. 


12. Check for receipt of a paired pulse on 
e indicator, immediately above the trans- 
itter pulse. 


13. Repeat check on all 8 channels, allow- 
g¢ approximately 30 seconds for the chan- 
ling cycle to be completed each time. 
4ilure to receive a paired pulse on any 
annel indicates a malfunction of either 
PN-12 or APN-76 on that particular 
annel. 


14. Repeat check, using the briefed chan- 
Is for the specific mission to be flown. 


NOTE: If the APN-76 does not have 
the PAIRED PULSE switch, reception 
of the pulse may be determined by 
moving the APN-76 RECEIVER 
switch momentarily to the STANDBY 
position. 


15. Replace the suppressor cable between 
e APN-76 R/T unit and the APN-12 R/T 
it. 


16. If a radio-equipped ground control 
station is available for checking rendezvous 
equipment, contact the station on the as- 
signed frequency and check each channel on 
the APN-12, coordinate settings of RECEIVER 
Channel Selector switch and TRANSMITTER 
Channel Selector switch by radio. 


NOTE: This is a more valid check 
on the reliability of reception of 
the APN-12 than that of checking 
against an APN-76 in the same air- 
craft, and should be performed if 
possible. 


17. Turn the APN-76 off as outlined in 
Preflight (Turn Off). 


18. Turn the APN-12 GAIN fully CCW. 


19. Turn the RANGE Selector switch to 50 
nm. 


20. Check the calibration of the DELAY 
marker by rotating the delay crank until the 
marker is under the 40 nm etched range 
marker, and check the reading on the delay 
dial below the scope. If the dial reads other 
than 40, any difference will have to be ap- 
plied to any ranges taken using the TD 
function. 


21. Turn the RANGE Selector switch to 200 
nm. 


22. Check the calibration of the DELAY 
marker by rotating the delay crank until the 
marker is under the 160 nm etched range 
marker and check the reading on the delay 
dial. 


PREFLIGHT (TURN OFF) 


RANGE 10 nm 
INTENSITY CCW 
SWITCHING Motor 

(if applicable) OFF 


RECEIVER STANDBY 
TRANSMITTER OFF (mid position) 
POWER OFF 





a © Sb Pb DB Dp 


a 
ee. 


ee ee ee eee eee ee 


Verify that the RECEIVER Channel Selector 
switch and TRANSMITTER Channel Selector 
switch are set to the briefed channels for the 
mission. 


OPERATION 


If a radio-equipped ground control station 
is available, recheck reception on the APN- 
12 as soon after takeoff as feasible, using 
the same procedure outlined under Preflight 
(Power On). If this check is to be made, the 
APN-12 should be turned on as soon as the 
aircraft engines have been started and the 
applicable inverters turned on and checked. 


PREPARATION FOR RENDEZVOUS 


1. When the receiver is estimated to be 
approximately 350 nm away, turn on the 
APN-12, as outlined in Preflight (Power 
On), Steps 1 through 8. 


2. Turn the TRANSMITTER switch to HIGH. 


3. Recheck the TRANSMITTER Channel Se- 
lector and the RECEIVER Channel Selector 
switches for the briefed channels. 


4. Set the RANGE Control to 200 nm, or 
use the 50 TD position and maximum sweep 
delay for initial search. After initial radar 
contact, adjust the range controls for best 
presentation. Normally, at long range, best 
results are achieved by using the 50 TD set- 
ting, with an appropriate value of sweep 
delay. 


THE ORBIT 


1. On arrival at the orbit point, set up 
the briefed orbit pattern. Normally, this will 
consist of a left-hand racetrack pattern, with 
4-minute legs along the receiver’s intended 
track, with 2-minute (one-half needle width) 
turns. The orbit point will normally be at 
the midpoint of the leg along the receiver’s 
track. 
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2. The legs can be adjusted to compensate 
for wind effect. If a strong crosswind exists, 
it may be necessary to roll out halfway 
through the turn and fly upwind far enough 
to compensate for the drift during one com- 
plete pattern. Until definite electronic con- 
tact is established, the pattern must be con- 
trolled so that the tanker, on each complete 
orbit, passes over the briefed orbit point on 
the receiver’s heading. 


THE RENDEZVOUS 


1. Radio contact will normally be estab- 
lished at or about the maximum range of 
the APN-12. Initial contact will normally be 
made by the pilot, after which the navigator 
will utilize radio (UHF or VHF) to assist 
in identifying the receiver’s beacon (APN- 
76) signal and to direct the receiver into 
position. 


2. When a signal is received on the APN- 
12 the navigator’s first duty is to establish 
the identity of the receiver aircraft, since 
other units may be utilizing the same chan- 
nels in the vicinity. The following methods 
may be utilized: 


a. If the APN-76 on the receiver aircraft 
is equipped with a PAIRED PULSE switch, re- 
quest the receiver navigator to switch be- 
tween SINGLE and PAIRED positions, watching 
the signal on the APN-12 to see that it 
changes from a single to a double pip at the 
proper times. 


b. If the APN-76 is not equipped with the 
PAIRED PULSE switch or if the paired pulse 
cannot be distinguished, request the receiver 
navigator to momentarily place the APN-76 
RECEIVER switch to STANDBY while watching 
the signal on the APN-12 to see that it dis- 
appears when the switch is in STANDBY and 
reappears when the switch is returned to ON. 


c. Request the receiver navigator to switch 
to another selected receiver and transmitter 
channel, watching the APN-12 scope to see if 
a signal reappears in the same position after 
switching channels. 
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CAUTION 


The APN-76 TRANSMIT channel 
must be the same as the APN-12 
RECEIVE channel, and vice versa. 







NOTE: Since the APN-12 cannot dis- 
tinguish between the signal from 
one APN-76 and another, identifi- 
cation should be reconfirmed later 
during the rendezvous, prior to the 
receiver aircraft approaching de- 
scent range. 


3. When identification is completed, re- 
uest the receiver navigator’s heading and 
‘ive him an initial correction, if required, 
o place him directly in trail. Since the APN- 
2 does not give the exact azimuth of the 
eceiver aircraft but only the quadrantal 
ocation, the amount of the initial correction 
s a matter of judgment on the part of the 
anker navigator. The relative amplitude of 
f the signal on the left and right of the 
enterline will indicate to some extent the 
mount of correction required (e.g., if the 
ignal appears only to the right of the cen- 
erline, a large correction to the right is in- 
licated). With experience, the approximate 
zimuth can be determined by noting the 
ircraft heading at that point in the orbit 
urns when the signal] is evenly balanced. A 
yrocedure which has met with fair success, 
though it has not yet been widely adopted, 
s to make the initial correction 45° away 
rom the refueling heading, in the required 
lirection. This procedure serves to align the 
eceiver early in the rendezvous and preclude 
arge corrections during the closing stages. 


NOTE: Heading corrections to the 
receiver navigator should be given 
as a heading to fly, rather than a 
number of degrees right or left. 
Such corrections should be record- 
ed, so that the current heading of 
the receiver aircraft is always 
readily available. 
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The APN-12 GAIN should be kept low enough 
so that the larger lobe is inside the etched 
line on the scope. With a higher gain set- 
ting, it is difficult to determine when the 
signal is balanced. 


4. Relay the initial range to the receiver 
navigator and to the tanker crew, and con- 
tinue to announce the range at frequent 
intervals during the remainder of the 
rendezvous. The exact ranges will be desig- 
nated in the appropriate tactical doctrine; 
however, such ranges will normally be given 
at even multiples of 10 nm, except for criti- 
cal stages of the rendezvous, such as im- 
mediately prior to the start of descent by 
the receiver aircraft and during final stages 
of closure, when 1-mile increments will be 
given. 


5. After the initial correction is given, 


care must be exercised to prevent the 
receiver aircraft from overshooting the re- 
fueling track, particularly if the initial cor- 
rection is large. As the APN-12 signal 
approaches the balanced condition, instruct 
the receiver navigator to turn to the refuel- 
ing heading. Since jet receiver aircraft have 
a large radius of turn, the turn should be 
started before the signal is completely 
balanced. 


NOTE: If a large difference in drift 
at receiver aircraft and tanker alti- 
tudes is known to exist, the heading 
should be compensated to permit 
the receiver to make good a track 
to the orbit point. 


6. After the receiver aircraft is turned to 
the refueling heading, the signal should be 
closely monitored during the remainder of 
the rendezvous, and any unbalanced condi- 
tion corrected as early as possible so that 
the corrections will be small. 


7. Compute or recheck flight plan compu- 
tations of the receiver aircraft’s descent 
range, based on the following formula: 








> 


‘ 








Differential Altitude | 
Receiver Rate of Descent 


Differential Airspeed 
(Knots + Desired Lag of Receiver) 


60 


Descent Range = 


NOTE: Since the receiver aircraft’s 
speed during descent will be great- 
er than the refueling speed, a lag 
is introduced to permit the receiver 
aircraft to decelerate at refueling 
altitude before reaching the obser- 
vation position. This distance will 
vary with tactical conditions, but 
must be known for each rendez- 
vous. Four nautical miles is con- 
sidered the minimum for any 
conditions. 


Tables have been devised to furnish the 
descent range for specific aircraft and con- 
ditions without mathematical computation. 
Such tables will be found either in the flight 
handbook or in the tactical doctrine. 


8. As the receiver aircraft approaches the 
orbit area, adjust the orbit pattern (length 
of the straight legs) to permit the tanker 
to depart the orbit point so as to arrive at 
the rendezvous point on the receiver navi- 
gator’s latest ETA. This serves a double 
purpose: 

a. Places the receiver aircraft in trail be- 
hind the tanker on the same heading during 
critical stages of the rendezvous; it also 
gives optimum antenna positioning. 


b. Facilitates a visual rendezvous in the 
event of subsequent failure of electronic 
rendezvous equipment. 
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CAUTION 


The tanker must always be on 
course toward the rendezvous point 
before the receiver aircraft starts 
descent. The receiver will invari- 
ably overshoot the tanker, since the 
descent range formula is based on 
the rate of closure with both air- 
craft on the same heading. 














9. As the receiver aircraft approaches the 
descent range, call the existing range in 1- 
mile increments, so that the receiver air- 
craft can initiate descent at the exact range. 
Any appreciable delay in initiating descent 
will cause the receiver aircraft to overshoot. 
By this time, the receiver aircraft should be 
directly behind the tanker (APN-12 signal 
balanced) and on the same heading; how- 
ever, additional heading corrections, if re- 
quired, should be given at any time the 
signal becomes unbalanced. Corrections 
should be kept small, and the receiver air- 
craft heading corrected to the tanker head- 
ing as soon as the signal is again balanced. 


10. As the receiver aircraft reaches re- 
fueling altitude, call out the existing range 
in 1l-mile increments, as the receiver pilot 
will utilize these ranges to establish his rate 
of deceleration. Continue to give heading 
corrections as required. 


11. When the receiver aircraft reaches 
minimum range and after continued visual 
contact is assured, turn off the APN-12 
utilizing the procedure outlined in the Pre- 
flight (Turn Off) section. 


12. Turn off all other unnecessary elec- 
trical equipment, and record refueling data. 
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KC—135 BUDDY RENDEVOUS 
AND REFUELING 
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RECEIVER 
bee 







RDZ POINT 





TANKER 





TAKE-OFF SAME BASE 

RECEIVER T.O. FIRST 

1 MINUTE INTERVAL 

TANKER STATION—KEEPING 

ON RECEIVER 

SEPARATION NOT TO EXCEED 
2NM INTRAIL AND 2000’ ALTITUDE 
6. RECEIVER AHEAD AND HIGH 


hm WH — 
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KC-135 Buddy Rendezvous and Refueling 


Air refueling is designed to provide ex- 
tended range and, in some cases, to increase 
payload for receiver aircraft. Such a capa- 
bility is extremely important since it in- 
creases operational flexibility and combat 
potential of jet aircraft. This operation can 
only be accomplished by precise timing and 
effective rendezvous and refueling proce- 
dures, particularly under the high speed 
closure rate of jet aircraft. 


BUDDY RENDEZVOUS 


In line with different tactical require- 
ments, several methods or types of rendez- 
vous have been developed for jet tanker and 
jet receiver aircraft. The most simple of 
these rendezvous types is the buddy, that 
rendezvous normally made when tanker and 
bomber take off from the same base and 
electronic or visual contact is maintained 
until fuel transfer is completed. 


Normally, the bomber will lead with the 
tanker maintaining buddy position by sta- 
tion-keeping. The buddy tanker will be be- 
hind and below the assigned receiver with 
the receiver’s altitude and speed as deter- 
mined from the applicable flight handbook 
being the determining factor. 


Upon arrival at the briefed rendezvous 
point, the tanker will accelerate and pull 
ahead of receiver, maintaining present alti- 
tude. Receiver will descend and close visually 
for refueling, maintaining radar monitoring. 


This procedure employs both electronic 
and visual methods of rendezvous position- 
ing to insure contact and transfer of fuel. 
Refueling of multiple receivers can be 
adapted to this procedure. 


POINT RENDEZVOUS 


Point rendezvous is the primary rendez- 
vous technique for single tanker/receiver 
when buddy rendezvous procedures cannot 
be employed. It is a type of rendezvous nor- 
mally used when the tanker arrives in the 
refueling area before the receiver and a 
tanker orbit is planned. Orbit points will be 
selected so as to provide positive radar-fixing 
where possible. The tanker will orbit over 
the designated orbit point in a race-track 
pattern to the left perpendicular to the re- 
ceiver’s refueling track (see KC-135 Orbit 
Pattern). Tanker orbit altitude will normally 
be base altitude, but in all cases at least 2000 
feet below the assigned receiver’s optimum 
altitude. 
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KC 135 MANEUVERING PATTERN 


RECEIVER 
NENW TRACK 


| ORBIT POINT OR 
EMERGENCY RENDEZVOUS POINT 


2 MIN 
TURN 
| 1. | TANKER DEPARTS ORBIT 
ey Min WHEN RECEIVER IS 
40 NM AWAY 


2. ONE MINUTE LEGS, 
2 MINUTE 180° TURNS 


B-47 we 


TRACK WHEN RECEIVER 
RANGE IS 6NM 


, | 
KC-1 as \ 3. ROLL OUT ON REFUELING 

' 

v 


Point Rendezvous 


RECEIVER 
INTENDED TRACK 


30° BANK 


KC-135 Orbit Pattern 
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The APN-69 rendezvous beacon will be 
used to determine separation range. Receiv- 
er aircraft will begin descent from cruise 
altitude, 2500 feet per minute, 80 nautical 
miles prior to tanker orbit point to an alti- 
tude 1000 feet below assigned refueling 
altitude. The receiver will maintain a con- 
stant track throughout the rendezvous prob- 
lem so that the receiver’s track bisects the 
tanker maneuver pattern. The receiver air- 
craft will “count down” forward separation 
range in one-mile increments from 50 nauti- 
cal miles to 40 nautical miles to prepare the 
tanker navigator for his departure from the 
orbit pattern. Tanker navigator will an- 
nounce departure time from the orbit and 
will then fly an ‘“‘S” pattern down refueling 
track (see Point Rendezvous). 


When receiver aircraft is not equipped to 
permit direct communication between re- 
ceiver navigator and tanker, close crew co- 
ordination is mandatory since timing is 
critical. These procedures can be adapted to 
accommodate refueling of more than one jet 
receiver with one jet tanker. 
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RECEIVER DEPARTURE POINT 


90° R TURN FOLLOWED 
BY 90° L TURN 
(STANDARD RATE) 






SEPARATION DISTANCE 
<—— (25 NM) 


~<————— SEPARATION POINT 


POINT 10 NM 


TANKER 
DEPARTURE 
POINT 


180° Head-On Rendezvous 


HEAD-ON RENDEZVOUS 


Since operational requirements may dic- 
tate approach of receiver and tanker aircraft 
to the refueling area from opposite direc- 
tions, a head-on rendezvous may be effected. 


When employing this method, departure 
points and controlled departure times will 
be used for both tanker and receiver. The 
tanker will establish a track from the as- 
signed departure point to the receiver depar- 
ture point with an altitude 2000 feet below 
receiver altitude. When the receiver posi- 
tively identifies the tanker’s APN-69 beacon, 
the radar navigator will insure receiver is 
on collision course with tanker, as shown. 


The receiver will offset the receiver track 10 
nautical miles to the right. 


When the separation is reduced to 25 
nautical miles, the tanker will immediately 
execute a 180° turn to the left to refueling 
heading. The receiver will close in, using 
electronic rendezvous aids until visual con- 
tact is made. 


EMERGENCY RENDEZVOUS 


In the event malfunctioning communica- 
tions and/or electronic rendezvous equip- 
ment precludes the use of normal rendezvous 
procedures, emergency rendezvous may be 
attempted by homing on the ARA-25 trans- 
mission by the tanker aircraft. 
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PRECOMPUTATION AND 
PLOTTING WITH H.O. 249 


METHOD A 


Precomputation with tabular (mathe- 
matical) adjustment for movement of the 
celestial body and the observer. Refer to 
illustrations, H.0. 249 Precomputation, MPP 
Information, and H.O. 249 Precomputation, 
Fix Information. The numbers and letters in 
parentheses correspond to identical numbers 
and letters on the forms. 


MPP INFORMATION 


Date: 30 April 1957 
MPP. TIME: 2100 GMT 
36°12'N 99°26'W 


DR Position: 
Track: 034° 
GS: 420k 
Altitude: 20,000 feet 





FIX INFORMATION 


Date: 30 April 1957 

Fix Time: 0900 GMT 

DR Position: 34°22'’N 97°57'W 
Track: 006° 

GS: 420k 

Altitude: 20,000 feet 









(1) Greenwich date and Greenwich time. 


(2) Selected bodies giving a good cut, or 
the body from which an MPP is planned. 


(83) GHA of Aries or of the body (as in 
the case of the sun). This is obtained from 
the Air Almanac by entering with Green- 
wich date and Greenwich time. 


(4) GHA correction for odd minutes of 
time. For example, if the Greenwich time 
were 1212, the correction for two minutes 
of time would go in this column. 


(5) SHA of the body (where computation 
is for a body not listed in H.O. 249). 


(6) Corrected GHA of Aries or body. 


(7) Plus 360°, if necessary, to facilitate 
the subtraction of a large value of west 
longitude. 


(8) The longitude of the assumed posi- 
tion. If in west longitude, this will be an 
amount which will result in a whole degree 
of LHA when subtracted from GHA of the 
body or Aries. In east longitude, the as- 
sumed longitude will be an amount which 
will result in a whole degree of LHA when 
added to the GHA of the body or Aries. 


(9) Whole degree of LHA. 


(10) Whole degree of the assumed lati- 
tude. This will be the nearest whole degree 
of latitude to the DR position. 


(11) Declination of the body (as in the 
case of the sun or celestial bodies not listed 
in H.O. 249 Volume I). 


(12) Motion of the body. This may be 
derived by three different methods. One 
method is by entering the Motion of the 
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30dy Table in Appendix A with the assumed 
atitude and the true azimuth (Zn) for each 
yody. The signs listed are all to advance the 
4OP if the value is to be applied to the Hs. 
[he second method is to compare the Hc 
isted in H.O. 249 for an LHA one degree 
ess than the LHA used for precomputation, 
10ting the change of altitude as LHA in- 
»reases. The difference between the two Hce’s 
§ the value to apply to the Hs to advance 
che LOP for four minutes of time. If the 
He is decreasing, the body is setting and the 
sign is minus to advance the LOP when the 
value is applied to the Hs. If the Hc is in- 
*reasing, the body is rising and the sign is 
plus to advance the LOP when the value is 
applied to the Hs. The third method is the 
use of a motion-of-the-body computer such 
as the modified Vaid Computer (B-2 Modi- 
fied Computer). See Appendix E. 


(13) Motion of the observer. This is de- 
rived from Table 1-A in the H.O. 249 or a 
computer. The entering arguments are the 
groundspeed and relative bearing of the 
body (Zn-Tr). All signs listed in the table 
are to advance the LOP if the value is 
applied to the Hs. 


(14) Combined adjustment. Enter the al- 
gebraic sum of the values listed in (12) and 
(13). This is a combined value to advance 
the LOP for four-minute motion of the body 
and motion of the observer. 


(15) Enter one-fourth of the value listed 
in (14) with its sign. This is the combined 
motion adjustment for one minute. 


(16) Time of Hs. Enter the midtime of 
each observation. 


(17) Hs. Record the average altitude read 
on the sextant. 


(18) Sextant correction. Enter the com- 
bined personal and sextant correction with 
the appropriate sign. 


(19) Refraction correction. Enter the to- 
tal refraction from block (g) on the left. 
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(20) Wander correction (parallax). En- 
ter the correction obtained from block (j) 
on the left side of the form. When observing 
the moon, the parallax may be entered on 
this line. 


(21) Enter the total correction—alge- 
braic sum of (18), (19), and (20). 


(22) Enter the resulting observed alti- 
tude (Ho). This is the Hs from (17) with 
the observation corrections on (18), (19) 
and (20) applied. 


(23) Total adjustment. The product of 
the difference in minutes between fix time 
(1) and observation time (16) and the com- 
bined value to advance the LOP per minute 
(15). The values in (15) and (23) should 
have the same sign unless the observed time 
is after the fix time, in which case the 
values in (15) and (23) should have oppo- 
site signs. 


(24) Adjusted Ho. Enter the observed 
altitude from (22) adjusted by the value 
and sign from (23). 


(25) He. Enter the corrected He. When 
using Volume I, H.O. 249, enter the altitude 
listed. When using Volumes II and III, enter 
the corrected Hc obtained from (m) on left 
side of form. 


(26) Intercept. This is the difference be- 
tween the adjusted Ho (24) and the He 
(25). When using the sun to obtain an MPP, 
you can find either three intercepts from 
which to find an average intercept, or the 
average intercept by taking the difference 
between the averuge adjusted Ho (24) and 
the He (25). 


(27) True azimuth (Zn). When using 
Volume I of the H.O. 249, enter the true 
azimuth listed. When using Volumes II and 
III, enter the Zn obtained from (p) on left 
of form. 


(28) Convergence angle. Enter the longi- 
tude of the assumed position or its con- 
vergence value, dictated by the type chart 
being used. 
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(29) Grid azimuth. Enter the algebraic 
sum of the true azimuth (27) and con- 
vergence angle (28). 


POLARIS COMPUTATION 


(8) Assumed longitude. Enter the exact 
DR longitude for the time of the fix. 


(9) Enter the LHA of Aries in degrees 
and minutes. 


(12) Motion of the body. It is assumed 
that there is no motion of the body. 


(25) Polaris correction. Enter the ‘Q” 
correction obtained from Table V from the 
H.O. 249, Volume I. The entering argument 
for this table is the LHA of Aries. 


(26) Latitude. Enter the result obtained 
by applying the Polaris correction to the 
adjusted Ho. 


(27) It is assumed that the true azimuth 
of Polaris is 360°. 


STAR SELECTION BY AZIMUTH 


On the compass rose, draw in the track 
and the true azimuth of the body or bodies 
being observed. In the case of a celestial fix, 
this will usually show the type of cuts being 
used for the fix. Select stars which will give 
cuts as close as possible to 120°. 


DR BLOCK 


Enter the latitude and longitude of the 
DR position for the time of the fix or MPP. 


RELATIVE BEARING BLOCK 


(a) Zn. Enter the true azimuth (Zn) ob- 
tained from (27). 


(b) Track. Enter the true track of the 
aircraft. 


(c) Zn-Tr. Enter the difference obtained 
by comparing the Zn and the track from 
(a) and (b). 
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REFRACTION CORRECTION BLOCK 


(d) Aircraft altitude. Enter the pressure 
altitude at which the aircraft is flying. 


(e) Atmospheric refraction correction. 
Enter the correction obtained from Table 
I-B in the H.O. 249, Volumes II and III, or 
Table VI in H.O. 249, Volume I. The enter- 
ing arguments are altitude and the sextant 
altitude of the body observed. The value of 


the correction is always minus when applied 


to the Hs. 


(f) Dome refraction correction. Enter 
the correction obtained from the dome re- 
fraction correction card which is usually 
located on or near the dome. 


(g) Total refraction correction. Enter the 
algebraic sum of the atmospheric refraction 
and dome refraction corrections. 


WANDER CORRECTION BLOCK 


(n) Enter reading of true heading trans- 
mitter to nearest .1° at the start of each 
observation. 


(i) Enter reading of true heading trans- 
mitter to nearest .1° for the end of each 
observation. 


(j) Wander correction. Enter the correc- 
tion obtained from the Wander Correction 
Table, Appendix B. 


HC CORRECTION BLOCK 


(k) Tabulated Hc. When observing the 
sun, moon, or stars not listed in Volume I, 
H.O. 249, enter the He listed in H.O. 249. 


(1) Correction. Enter the ‘“d” correction 
obtained from the H.O. 249 and the odd 
minutes of declination of the body. Enter 
Table III in the H.O. 249 with these two 
values to find the correction to be applied 
to the tabulated Hc. 


(m) He corrected. Enter the results ob- 
tained by applying the correction to the 
tabulated Hc. 
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Plotting Fix, Method A 


TRUE AZIMUTH (ZN) BLOCK 


(n) Enter the constant (0°, 180°, or 
360°) determined by using the appropriate 
rule. 


(o) Tabulated azimuth (Z). Enter the 
Z obtained from the H.O. 249. 


(p) True azimuth (Zn). Enter the result 
obtained by comparing the constant with 
the tabulated azimuth (Z). 


CORIOLIS CORRECTION 


Enter the correction obtained by using 
Table V in the H.O. 249, Volume I, or Table 
VII, Volumes II and III. The entering argu- 
ments for this table are groundspeed and 
latitude. The correction obtained will be to the 
right of track in the northern hemisphere 
and to the left of track in the southern 
hemisphere. This correction may be obtained 
from the Combined Coriolis Rhumb Line 
Correction Tables, Appendix C, when steer- 
ing a constant true course (rhumb line). 
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PRECESSION AND NUTATION CORRECTION 


Enter the correction obtained from Table 
IV in Volume I of the H.O. 249. The entering 
arguments for this table are year, latitude, 
and LHA Aries. 


PLOTTING FIX 


1. Plot the assumed position. Use assumed 
latitude from (10) and assumed longitude 
from (8). 


2. Plot the LOP’s at intercept distance 
(26) from the assumed position perpendicu- 
lar to the true azimuths (Zn) (27). When 
using Polaris, plot the latitude as an LOP 
from (26). 


3. Move the resulting fix for coriolis and 
rhumb line correction and for precession and 
nutation correction. If preferred, this cor- 
rection may be applied to the assumed posi- 
tion before plotting the fix. 
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Plotting MPP, Method A 


PLOTTING MPP 


1. Plot the initial assumed position. Use 
assumed latitude from (10) and assumed longi- 
tude from (8). 


2. Move the assumed position for coriolis. 


3. Plot the LOP’s at average intercept dis- 
tance (26) from the adjusted assumed position 
perpendicular to the true azimuth (Zn) (27). 


4. Drop perpendicular from the DR position 
to LOP. 


5. If C-Plot is to be used, use formula d ~~ 


na: ee &: 
or as DR computer proportion aero, ora 
table such as Appendix D. 


Where d =distance along perpendicular from DR 
position to MPP 
t =time from last known position 
p =perpendicular distance between LOP 
and DR position. 


When the value of p is 10 nm or less, plot the 
MPP at the midpoint between the LOP and the 
DR position. 


METHOD B 


Precomputation with graphical adjust- 
ment for motion of the body and the ob- 
server. 


Example 1, Method B: 

The numbers below refer to corresponding 
number on illustrations, Sun, Moon, or 
Planet Computations and Plotting MPP, 
Method B. 


MPP INFORMATION 


Date: 29 April 1957 
MPP Time: 2100 GMT 
34°16’N 76°24’W 


DR Position: 
Track: 090° 
GS: 193k 
Altitude: 8,000 feet 





(1) Selected bodies for a good cut or the 
body from which an MPP is planned. 


(2) Greenwich time of observation. 
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Sun, Moon, or Planet Computations 
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emma 
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10 


12 


13 








MED 


ADJUSTED TO LORS | 
AND RETARDED win 
FOUR MINUTES 


(3): GHA of the body. This is obtained - 


from the Air Almanac by entering with 
Greenwich date and Greenwich time. 


(4). The longitude of the assumed posi- 
tion. If in west longitude, this will be an 
amount which will result in a whole degree 
of LHA when subtracted from the GHA of 
the body. In east longitude, the assumed 
longitude will be an amount which will re- 
sult in a whole degree of LHA when added 
to the GHA of the body. 


(5) Whole degree of LHA. 
(6) Declination of the body. 


(7) Whole degree of assumed latitude. 
This will be the nearest whole degree of 
latitude to the DR position. 


(8) Enter the tabulated altitude obyatied 
from the H.O. 249. 


(9) Correction. Enter Table III in H.O. 
249, Volume II or III, with the “d” correc- 
tion obtained from the H.O. 249 and the 
odd minutes of declination of the body. The 
correction obtained will be applied to the 
tabulated altitude. 


(10) He. Enter the result obtained by ap- 
plying the correction to the tabulated alti- 
tude. 


(11) Ho. Enter the average altitude read 
on the sextant with the sextant and refrac- 
tion corrections applied. 


(12) Intercept. Enter the difference ob- 
tained by comparing the He with the Ho. 
If the Hc is greater than Ho, the intercept 
will be away from the subpoint of the body. 
If the Hc is less than the Ho, the intercept 
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(13) Enter true. azimuth (Zn) of the 
body. 


NOTE: Coriolis Correction may be 
obtained by entering Table VII in 
Volume II or III of H.O. 249 with 
groundspeed and latitude. The cor- 
rection obtained will be to the right 
of track in the northern hemisphere 
and to the left of track in the 
southern hemisphere. This correc- 
tion may be obtained from the 
Combined Coriolis and Rhumb Line 
Correction Tables, Appendix C 
when steering a constant true 
course (rhumb line). 


PLOTTING MPP 


1. Plot the assumed position. Use as- 
sumed latitude from (7) and longitude from 


(4). 
2. Move the assumed position for coriolis. 


3. If observations were taken off sched- 
ule, adjust the plotting position 15 minutes 
of longitude for one minute of time that the 
observation is taken early or late (west, if 
late; east, if early). 


4. Adjust the resulting position for mo- 
tion of the observer by moving along the 
best known track at the best pea ground- 
speed. 


5. Plot the intercepts (12) along the true 
azimuth (Zn) (13) from the corresponding 
plotting positions. 


6. Drop perpendicular from the DR posi- 


will be towards the subpoint of the body. tion to the average LOP. 
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1 yf moon de weed, enter peraliex correction under wander 
correction. 


Coriolis and chumbiine 3 cna) C) right Ci rere 


Table IV precession and nutation correction 


(NM) LlQ direction. 


AF Pee 21b —PREVioUS EDITIONS OF THIS FORM MAY BE USED. 


Celestial Data 
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Example 2, Method B: 


Following numbers correspond to num- 
bers on illustration, Celestial Data. 


FIX INFORMATION 


Date: 29 April 1957 
Fix Time: 0630 GMT 
36°10’S 96°49'W 


DR Position: 
Track: 084° 
GS: 200k 
Altitude: 8,000 feet 


(1) Selected bodies for a good cut. 
(2) Greenwich time of observation. 


(3) GHA of Aries. This is obtained from 
the Air Almanac by entering with Green- 
wich date and Greenwich time. 


(4) The longitude of the assumed posi- 
tion. If in west longitude, this will be an 
amount which will result in a whole degree 
of LHA when subtracted from the GHA of 
Aries. In east longitude, the assumed longi- 
tude will be an amount which will result in 
a whole degree of LHA when added to the 
GHA of Aries. 


(5) Whole degree of LHA. 


(6) Whole degree of assumed latitude. 
This will be the nearest whole degree of lati- 
tude to the DR position. 


(7) Enter the Hes obtained from Volume 
I, H.O. 249. 


(8) Enter the average altitude read on 
the sextant, with the sextant and refraction 
corrections applied. 


(9) Intercept. Enter the difference ob- 
tained by comparing the Hc with the Ho. 


Plotting Fix, Method B 


36° 


CORRECTED 
ASSUMED POSITION 
ADJUSTED TO 0634 
AND RETARDED 
FOUR MINUTES 
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(10) Enter the true azimuth (Zn) of the 
body. 


NOTE: Coriolis Correction may be 
obtained by entering Table V in 
Volume I, H.O. 249, with ground- 
speed and latitude. The correction 
obtained will be to the right of 
track in the northern hemisphere 
and to the left of track in the 
southern hemisphere. This correc- 
tion may be taken from the Com- 
bined Rhumb Line and Coriolis 
Correction Tables, Appendix C 
when steering a constant true 
course (rhumb line). 


NOTE: Precession and Nutation 
Correction may be obtained by 
entering Table IV in Volume I, 
H.O. 249, with latitude and ground- 
speed. 


PLOTTING FIX 


1. Plot the assumed position. Use assumed 
latitude from (6) and longitude from (4). 


2. Move the assumed position for coriolis 
and rhumb line correction and for preces- 
sion and nutation correction. 


3. If observations were taken off schedule, 
adjust the plotting position 15 minutes of 
longitude for one minute of time that the 
observation is taken early or late (west, if 
late ; east, if early). 


4. Adjust the resulting position for mo- 
tion of the observer by moving along the 
best known track at the best known ground- 
speed. 


INITIAL 
0630 0630 ASSUMED POSITION 
ASSUMED CORRECTED FOR CORIOLIS, 
POSITIO PRECESSION, AND NUTATION 


a was Srretrrer 36° 
B CORRECTED 1 


ASSUMED POSITION 
ADJUSTED TO 


0626 AND ADVANCED 
FOUR MINUTES 





37° 
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5. Plot the intercepts (9) along the true 
azimuth (Zn) (10) from the corresponding 
plotting positions. 


NOON FIX 


INTERCEPT METHOD 


Determine the time of transit. This occurs 
when the LHA (body) is 360°. By inspec- 
tion, select the LHA before and after transit 
for which the change in azimuth is 30° or 
more. The approximate times for these ob- 
servations can be determined from the fol- 
lowing table. 


Time Interval Before 
and After 


Difference Between 
Observer’s Latitude and 


Declination of the Sun at Noon 
time of Meridian Transit 


4O minutes 
30 minutes 
20 minutes 
15 minutes 





Complete the necessary computations for 
the three times. Observe the sun, plot the 
LOP’s, and resolve them to a common time, 
using DR information. 


SUBPOINT METHOD 


Use this method when the observer is 
within approximately 4° of the subpoint of 
the sun. Reason: Radius of the circle of 
equal altitude is so small that a straight line 
does not approximate the arc and will not 
give an accurate LOP. 


Plot the subpoints of the body for the 
times of the observations (Dec as latitude 
and GHA as longitude); take the observa- 
tions. Find the co-altitude (zenith distance) 
of the observations and convert to nautical 
miles. Co-altitude = 90° — Ho. Advance the 
first subpoint and retard the third subpoint 
along the DR track, using the best known 
track and groundspeed. Arc off from the re- 
solved subpoints the respective co-altitudes ; 
the resulting intersection or triangle will be 
the noonday fix. 
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SUN-MOON, SUN-VENUS, OR 
SUN-VENUS-MOON FIX 


At times, Venus, the moon, and the sun 
are in ideal positions to permit a two- or 
three-body daylight fix. The position of these 
bodies can be determined by inspection of 
the ecliptic diagram on the AM daily pages 
of the Air Almanac. 


POLARIS LOP INTERCEPT METHOD 


When using Polaris in a multiple star fix, 
it may be more convenient to use the inter- 
cept method, in which the correction for 
precession nutation is the same for Polaris 
as for the other bodies. This allows the 
Polaris intercept to be plotted from the same 
adjusted assumed position as the other 
bodies. See illustration, Polaris Intercept 
Method vs. Latitude Method. 


The significant differences between this 
and the Latitude method are: 


1. The Zn of Polaris is obtained from 
tables, the LHA computer, or visually. 


2. Zn-Tr is used to compute “motion of 
the observer.” 


3. The Ho is adjusted for off-schedule 
shooting. . 


4. The “Q” factor from the H.O. 249 is 
applied to the assumed latitude with the sign 
reversed to get the He of Polaris. 


5. Ho — Hc = Intercept. 


6. The LOP is plotted from the adjusted 
assumed position. 


LATITUDE BY MERIDIAN ALTITUDE 


By using latitude by meridian altitude, a 
valid latitude LOP can be obtained rapidly 
and accurately using only Air Almanac 
tables. 
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(TURN HERE ON 
LOP TO DEST.) 


t oat 
* 
S Re rows 
gn SAFETY FACTOR 
DR 1000 \ DR 1015 2 10 Ww (SEE NOTE 1) 
2 AF 
3 |e 
TRACK 5 ° O ~ 
(ALTER COURSE TO BEGIN LANDFALL 
APPROX. 11% HRS. BEFORE ETA TO DEST.) 62 <a 
re ; 5 DESTINATION 
<< 
Py 
2 2\\, 
CPWNS 
Q2\Z 
~O\\ 
NOTES: 90\s 
m \S 
a ro) 
1. DISTANCE ESTIMATED TO ASSURE THAT : 
AIRCRAFT IS ON CORRECT SIDE OF DEST. 
(APPROX. 30 MINUTES FLYING) 
2. CONTINUE TO SHOOT AND PLOT LOP'S 
THROUGHOUT THE PROBLEM. REFIGURE 
LANDFALL IF LOP'S INDICATE A 
CHANGE FROM THE ORIGINAL PLAN. 
Speedline Landfall 
ALTER COURSE HERE FOR DEST. DESTINATION 
OD LOP—-SUN—1000—ADVANCED Z 
DR—1000 DR—1015 
@ (+) 
COURSE (+) 
ALTER COURSE TO INTERCEPT ADVANCED LOP 
THROUGH DEST. TRUE COURSE WILL BE 
LOP—SUN 1000 MPP—1000 PERPENDICULAR TO LOP. 


NOTE: CONTINUE TO SHOOT AND PLOT LOP’S THROUGHOUT 


THE PROBLEM. 
REFIGURE LANDFALL IF LOP’S INDICATE A CHANGE 


FROM THE ORIGINAL PLAN. 


Courseline Landfall 
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1. If LHA of the body is 180° (Lower 
transit) : Latitude — Altitude + Co Dec, or 
Ho + (90-Dec) 


2. If LHA of the body is 0° or 360° (Up- 
per transit) and name of Dec is contrary to 
Latitude: Latitude = Co Alt — Dec. 


3. If LHA of the body is 0° or 360° (Up- 
per transit) and Dec is same name but less 
than Latitude: Latitude = Co Alt + Dec. 


4. If LHA of the body is 0° or 360° (Up- 
per transit) and Dec is same name but 
greater than Latitude: Latitude — Dec — Co 
Alt. 


LANDFALLS 


SPEEDLINE LANDFALL 


Speedline landfalls are used when ap- 
proaching destination on course, and the sun 
is directly ahead or behind. The referenced 
illustration shows how to get on the LOP 
through destination. 


COURSELINE LANDFALL 


Courseline landfalls are used when ap- 
proaching destination on course, and the sun 
is to one side. The illustration shows how to 
get on the LOP through destination. 


SINGLE BODY FIXING 


A fix may be obtained by observing the 
altitude and relative bearing of a single body 
near the observer’s zenith. The necessary 
computations are shown in the illustration, 
Single Observation Fixing. 
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DATE: 18 OCT. 58 
BODY: ALPHERATZ 


GHAY 76° 07’ 
SHA 3x 358° 26’ 


GHA ¥& 74° 33°" 
== LONG. OF SUBPOINT 


DEC ¥& N 28° 52’ 
= LAT. OF SUBPOINT 


PLOT SUBPOINT ON CHART 
ADJUST SUBPOINT FOR CORIOLIS 
PLOT FIX AT CO-ALT DISTANCE 
FROM ADJUSTED SUBPOINT AWAY 
FROM ZN. 


Single Observation Fixing 
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(Kollsman D-1 and D-2) 


GENERAL INFORMATION 


Angle of Observations: —10° to +92°. 
Optical system: 


Two-power telescope with field of 15°. 


Eyepiece:. Adjustable focus. 
Filters : | Eight values, clear, green, and red. 
Averager: The time dial of the averager indicates in seconds, half of the time 
| of the observation. __ 
' Accuracy: Within two minutes of arc in altitude measurement. The averager 
time is accurate to within one second. 
Lighting: An ON-OFF switch on the mount controls all illumination. An ad- 


justable rheostat controls the illumination of the bubble and the 
mount azimuth scale. The aircraft supplies 28 volts power. 


PREFLIGHT 


1. Check for the presence of two power 
cables and the spare lamps (the lamps are 
stored in the cable box). 


2. Inspect the glass window at the tip of 
the periscopic tube for cleanliness. 


3. Check silica gel indicator for presence 
of moisture. 


NOTE: Use caution when inserting 
the sextant. Make certain that the 
pins and grooves are aligned. Do 
not force sextant into the mount. 


4. Insert the sextant into the mount to the 
RETRACTED POSITION. Check the operation of 
the PULL TO INSERT OR REMOVE button and 
lock. 


5. Extend the sextant and check the oper- 
ation of the PULL TO RETRACT knob. 


6. Attach the power cables and check the 
power supply. 


7. Check the illumination of the counter, 
bubble, and the dial lamps. 


8. Form the bubble to 114 .to 2 times the 


apparent size of the sun. 


9. Return BUBBLE CONTROL knob to full 
CW position. Check the rewind mechanism 
and the field of vision shutter for proper 
operation. | 


10. Depress the AVERAGER ACTUATING but- 
ton. The averager should operate for 2 min- 
utes, +2 seconds. 


11. Check the ball carriage zero adjust- 
ment. ‘With the averager wound, oscillate 
the ALTITUDE knob through the 10° of alti- 
tude five times. The indexes should not: have 
moved more than .010 inches from the ref- 
erence line. 


12. Allow averager to run down. Check 
the averager for backlash by aligning in- 
dexes from a higher and then lower altitude. 
The difference in altitude readings should 
be within one minute of arc. 


13. Check the operation of the filters and 
adjust the eyepiece for proper operation. 
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PERISCOPIC SEXTANT 
INFLIGHT MAINTENANCE 


Trouble Possible Cause 


Artificial horizon not visible Defective bulb; disconnected or weak 
power supply; broken wire. 


at night. 


Time dial and altitude 
counter not visible at night. 


Defective bulb; disconnected or weak 
power supply; broken wire. 


Faulty gasket or gradual condensa- 
tion. 


Moisture inside objective 
window. 


Mechanical interference; broken pivot 
or dirty mechanism. 


Averager clock mechanism 
does not start. 

Mechanical interference or 
mechanism. 


Index disks do not return 
to zero when averager re- 
wind lever is depressed. 


dirty 


Artificial horizon out of Bubble prism mount assembly loose 
focus. in sextant housing. 


Altitude counter inopera- Broken, damaged, or shifted parts. 


tive. 


Altitude knob will not ro- 
tate to full range of sex- 
tant (— 10° to +92°). 


Jammed or broken stop washers. 


Improper adjustment of locking de- 
vice; dirty bearings or lack of lubri- 
cation. 


Receptacle mount locking 
device inoperative or 
rough rotary movement. 


Shutter assembly opera- Lack of lubrication. 


tion sticky or rough. 


Improper positioning of shafts (insert 
and retract shafts). 


Receptacle mount will not 
admit or hold sextant. 


Objective field elliptical in 
shape. 


Fixed prism mount shifted position. 


Mount is misaligned. See Preflight Check. 
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Remedy 


Replace bulb; connect power supply; 
check external lead. If still inoperative, 
send to shop for internal wiring check. 


Replace side bulb; connect power supply; 
check external lead. If still inoperative, 
send to shop for internal wiring check. 





Send sextant to repair shop for drying. 
Send sextant to repair shop. 


Loosen screw on winding lever. Reposition 
the connecting shaft by inserting a screw- 
driver in slot and turn shaft to desired 
position, at the same time move winding 
lever to desired position. Remove screw- 
driver from connecting shaft and tighten 
screw on winding lever. Operate winding 
lever and check shutter and timer for cor- 
rect operation. If still inoperative, send 
sextant to repair shop. 


Turn bubble prism mount assembly in or 
out of the sextant body to obtain sharpest 
focus and lock in position with stop screws. 


Send sextant to repair shop. 


Send sextant to repair shop. 


Lubricate bearing; if still inoperative, 
send to repair shop. 


Lubricate bushing grooves inside plate 
with appropriate grease (MIL-G-3278). 


Loosen lock nut and knob. Position shaft 
so that its end is at periphery of per- 
iscopic tube assembly. 





Send sextant to repair shop. 


See Preflight Check. 








» 





14. Set 0° in the azimuth window. Sight 
forward through the eyepiece of the sextant 
and read 0° on the azimuth scale against 
the vertical reticle. The azimuth ring oppo- 
site the lubber line should agree to within 
+1° with the counter window and the azi- 
muth scale. If there is a difference between 
the azimuth counter setting and the azimuth 
ring, remove the small cover plate next to 
the counter. Loosen the two small set screws 
and rotate the azimuth scale until the lubber 
line and the counter read the same value. 


15. The external alignment (on aircraft 
where the periscopic sextant is located on 
or near the longitudinal axis) will be 
checked in the following manner: 


a. With the counter window reading 0°, 
align the sextant on the vertical stabilizer 
and lock the instrument. The reading should 
be 180°+14°. On aircraft where it is im- 
possible to see the vertical stabilizer, have 
another person stand about 100 feet in front 
of the aircraft in line with the sextant and 
the vertical stabilizer. Align the vertical 
reticle on this person. The reading should 
be 0°+14°. 


b. For errors between 14° and 2°, rotate 
the projection lens until the azimuth scale 
reads 180°, or 0° with the vertical stabilizer 
on the person in front of the aircraft. 


ec. For errors between 2° and 10°, loosen 
the four hexagon lubber line clamping 
screws. Rotate the mount assembly contain- 
ing the counter until the azimuth counter 
and azimuth scale read 180° on the vertical 
stabilizer, or 0° on the person standing in 
front of the aircraft. Lock in this position 
by tightening the four screws. 


OPERATION 


Altitude Measurements 


1. Precompute the azimuth and altitude 
of the body to be observed. 


AF MANUAL 51-40 VOL III MAY 1959 


2. Depress the averaging winding lever. 


3. Set the precomputed azimuth of the 
body in the azimuth counter of the mount. 


4. Set precomputed altitude of the body 
in the altitude counter of the sextant. 


5. Unlock azimuth locking lever and ro- 
tate the sextant until the approximate true 
heading of the aircraft is viewed through 
the eyepiece against the vertical reticle line. 


6. Superimpose the celestial body on the 
bubble in the center of the field. 


7. Start the timer and averager by de- 
pressing the AVERAGER ACTUATING button or 
lever. Midtime of shot is computed by add- 
ing the time read directly from the half 
time indicator to the time of the beginning 
of the observation. A shutter will block the 
field of view at the end of two minutes or at 
any time the actuating lever is depressed 
after 30 seconds to stop the averager. 


8. Align the two red blocks by turning the 
ALTITUDE control knob to make the blocks 
turn in the direction indicated by the arrows. 
Align the indexes on the red blocks with the 
reference line. The average Hs is then read 
at the altitude counter. 


Heading Checks 


True Bearing Method. 


1. Precompute the azimuth and altitude 
of the body to be observed. 


2. Set the precomputed azimuth of the 
body in the azimuth counter of the mount. 


3. Set the precomputed altitude of the 
body in the altitude counter of the sextant. 


4. Bring the body into collimation. 


5. Read the true heading in the eyepiece 
against the vertical reticle. 


Relative Bearing Method. 
1. Bring the body into collimation. 


13-19 


AF MANUAL 51-40 VOL III MAY 1959 


2. Turn the azimuth crank until 0° is 
under the vertical reticle. 


3. Read the relative bearing of the body 
in the azimuth counter window. 


4. Solve the formula: TH = TB — RB. 


Explementary (Indicated) Relative 
Bearing Method. 


1. Set 360° in the azimuth counter win- 
dow. 


2. Bring the body into collimation. 
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8. Read the explementary relative bear- 
ing of the body under the vertical reticle on 
the azimuth scale. 


4. Solve the formula: TH = TB+ ERB. 


STOWAGE 


Press the ACTUATING lever or button and 
allow the averager to run down. Rotate the 
BUBBLE knob to the MAXIMUM INCREASE 
position and then store the sextant and 
cables securely in the carrying case. 
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© © e e e e e e HANDHELD SEXTANT 


GENERAL INFORMATION 


Angle of Observations: —10° to +92°. 
Optical System: 


A 2-power telescope using a field of 12.5°. 


Eyepiece: Adjustable focus. 

Filter : Eight values, clear, green, and red. 

Averager: The time dial of the averager indicates, in seconds, half the time of 
the observation. 

Accuracy : Altitude measurements within two minutes of arc. The averager 
time is accurate to within one second. 

Lighting: Illumination of the pendulous mirror is adjustable by rheostat. 


Illumination of the altitude and time dials is noncontrollable. The 
aircraft supplies 28 volts power. 


PREFLIGHT 


1. Be sure the ALTITUDE knob turns freely 
and that the indication of altitude angle 
changes as the knob turns. 


2. Check the desiccator and see that the 
silica gel crystals are blue in color. Color 
change indicates that moisture Is present. 


3. Plug the sextant into a power source 
and check the dial light, the reticle light, and 
the rheostat operation. 


4. Depress the AVERAGER winding lever. 


5. Sight through the eyepiece and deter- 
mine that the shutter has moved from the 
line of sight. 


6. Depress the ACTUATING lever and allow 
the averager to run for its full one-minute 
period. The shutter should fall across the 
field of view at the end of this period. 


_%. Rewind the averager and depress the 
ACTUATING lever. 


8. After 30 seconds and before the 
averager runs its full minute, depress the 


ACTUATING lever again. The averager should 
stop operating. 


9. With the averager fully wound (allow 
four seconds for averager to run to zero), 
rotation of the ALTITUDE control knob should 
not cause the averager indexes to move more 
than twice the width of the index line. 


10. Rewind the averager and position the 
altitude at some appropriate reading. 


11. Start the averager. 


12. At the one-half minute interval, 
quickly change the altitude to some new 
reading and allow the averager to finish its 
cycle. 


13. Determine the average reading mathe- 
matically and compare with the computed 
average reading. The readings should be the 
same. 


OPERATION 


1. Locate the selected body for observa- 
tion through precomputation. 
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2. Set the precomputed altitude of the 
body in the altitude counter of the sextant. 


3. Depress the AVERAGER winding lever to 
clear the shutter from the field of view and 
wind the averager. 


4. Sight through the sextant and locate 
the body to be observed. 


5. Adjust the filters with the FILTER knob. 


6. The timer and the averager are started 
and stopped by depressing the AVERAGER 
actuating lever. This system permits the ob- 
server to take sightings of any desired length 
between 30 seconds and one minute. Mid- 
time of the shot is computed by adding the 
time read directly from the half time indi- 
cator to the time of the beginning of the 
observation. A shutter will block out the 
field at the end of one minute or when the 
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ACTUATOR lever is depressed to stop the 
averager. 


7. While shooting, superimpose the celes- 
tial body and the mirror pattern as close to 
the center of the crosshairs as possible. 


8. To obtain average altitude, align the 
two red blocks by means of the ALTITUDE 
control knob. Rotate the knob so that the 
red blocks turn in the direction indicated by 
the arrows. Align the indexes on the red 


blocks with the referenced line. The aver- 


age Hs is then read on the altitude counter. 


STOWAGE 


Before placing the sextant in the carry- 
ing case, always press the ACTUATING lever, 
allowing the averager to run down. When 
not in use, keep the sextant in its carrying 
case to protect it from damage. 
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GENERAL INFORMATION 


Angle of Observation: —10° to +92°. 
Optical system: 


A 2-power telescope using a field of 12.5°. 


Eyepiece: Adjustable focus. 

Filters: | Hight values, clear, green, and red. 

Averager: The time dial of the averager indicates, in seconds, half the time of 
the observation. 

Accuracy: Altitude measurements within two minutes of arc. The averager 
time is accurate to within one second. 

Lighting : Illumination of the bubble is adjustable by rheostat. Illumination of 


the altitude and time dials is noncontrollable. The aircraft supplies 


28 volts power. 


PREFLIGHT 


¢ 
1. Be sure the ALTITUDE knob turns freely 
and that the indication of altitude angle 
changes as the knob turns. 


2. Check the desiccator and see that the 
silica gel crystals are blue in color. Color 
change indicates that moisture is present. 


3. Plug the sextant into the power source 
and check the dial light, the bubble lamp, 
and the rheostat operation. 


4. Form the bubble (approximately 114 
to 2 times the size of the apparent sun). 


5. Depress the AVERAGER winding lever. 


6. Sight through the eyepiece and deter- 
mine that the shutter has moved from the 
line of sight. 


7. Depress the ACTUATING lever and allow 
averager to run for its full 2-minute period. 
The shutter should fall across the field of 
view at the end of this period. 


8. Rewind the averager and depress the 
ACTUATING lever. 


9. After 30 seconds and before the aver- 
ager runs its full two minutes, depress the 
ACTUATING lever again. The averager should 
stop operating. 


10. With the averager fully wound (allow 
four seconds time for an averager to run to 
zero), rotation of the ALTITUDE control knob 
should not cause the averager indexes to 
move more than twice the width of the index 
line. 


11. Rewind the averager and position the 
altitude at some appropriate reading. 


12. Start the averager. 


13. At the one-minute interval, quickly 
change the altitude to some new reading and 
allow the averager to finish its cycle. 


14. Determine the average reading math- 
ematically and compare with the computed 
average reading. The readings should be 
the same. 
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OPERATION 


1. Locate the selected body for observa- 
tion through precomputation. 


2. Set the precomputed altitude of the 
body in the altitude counter of the sextant. 


3. Depress the AVERAGER winding lever to 
clear the shutter from the field of view. 


4. Sight through the sextant and locate 
the body to be observed. 


5. Adjust the filters with the FILTER knob. 


6. The timer and the averager are started 
and stopped by depressing the AVERAGER 
actuating lever. This system permits the 
observer to take sightings of any desired 
length between 30 seconds and two minutes. 
Midtime of the shot is computed by adding 
the half time read directly from the indi- 
cator to the time of the beginning of the 
observation. A shutter will block out the 


field at the end of two minutes or when the 





ACTUATOR lever is depressed to stop the aver- 
ager. 


7. While shooting, superimpose the celes- 
tial body and the bubble as close to the cen- 
ter of the crosshairs as possible. 


8. To obtain the average altitudes align 
the two red blocks by means of the ALTITUDE 
control knob. Rotate the knob so that the 
red blocks turn in the direction indicated 


by the arrows. Align the indexes on the red . 


blocks with the referenced line. The aver- 
age Hs is then read on the altitude counter. 


STOWAGE 


Before placing the sextant in the carrying 
case, always press the ACTUATING lever, 
allowing the averager to run down. Rotate 
the BUBBLE knob to the MAXIMUM increase 
position. When not in use, keep the sextant 
in the carrying case to protect it from 
damage. 


STAR IDENTIFICATION 


The 35 navigational stars usable with Sight Reduction Tables (H.O. 249) can be located by using the 


pointer system as shown in the following illustrations. 
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Achernar (a’ kér-nar) 


At the end of a line through Alpheratz, 
Pegasi Gamma, and Diphda towards the 
south. 


Acrux (a kruks) 


The most southerly star of the Southern 
Cross. 


Aldebaran (al-déb’a-ran) 
Makes a 90” angle with El Nath and Betel- 


geuse, the brightest star in a V formed 
by four fourth-magnitude stars. 





Alioth (al’i-dth) 


Third star from the end of the handle of 
the Big Dipper. 


Alkaid (al-kad’) 
End star in the handle of the Big Dipper. 


Alphard (al-fard’) 


A line through Geminorum. Alpha and 
Pollux passes through Alphard, southwest 
of Regulus. 


STARS IN THE FIELD OF THE PERISCOPIC SEXTANT 


DIAMETER OF EACH CIRCLE IS 15° 
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Arcturus (ark-ti’ ris) — 





Aibpher atz (al- fa’ rats) . 


a In the northeast corner of the square 
_ Pegasus. Polaris, Cassiopeia Beta, Al 
pheratz, and Pegasi Gamma form near] 
a straight line. 


Continue the curve of the handle of the 
Big Dipper, the first bright star after 
leaving the handle. 
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Adtair ‘(al-tar’) 


At the 30” vertex of a right triangle 
_ formed with Deneb and Vega. 


—Betelgeuse (bé’ t’ 1-j66z) 


Bright northeast star in the constellation 
of Orion. 
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; Canopus (ka-n0’ pus) 
exnitanes \an-tar €2) As far south of Orion as Capella is to the 
north, on a line from Capella through El 


Nath and the center of Orion. 


In the neck of the Scorpion. Forms a right 
triangle with Spica and Arcturus. 
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Capdlla (ka 
At t east extended 
cente gas} Gamma. 
Poll 
form 
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Deneb (dén’ db) : 


: he (dob he) 


Brightest star in the Northern Cross. 
At the 60 vertex of the 50 — 60 a | 
triangle formed by Vega. Deneb. an 
Altar. 


. Lip star in the cup,of the Big Dipper. 











Denebola (dé-néb’ 6-la} Fomalhaut (fo mal-hot) 
The tip of the tail of Leo the Lion. Forms A line through Pegasi Beta and Markab 
an equilateral triangle with Arcturus and leads south to Fomalhaut. 

Spica. 


STARS IN THE FIELDOOF THE PERISCOPIC SEXTANT 


DIAMETER OF SEACH CIRCLE IS 14° 
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-Hamal (ham’ De os I Peacock (pé’ kok) 
Halfway between Pegasi eee ad ails At the southern end of an are formed 
a tak ee of Andromeda Gamma. 


with Fomalhaut and Altair. 





- Kochab (ko’ kab) Polaris (po-la’ ris) 
Lip star in the cup of the Little Dipper. On a straight line extending from the lip 
of the Big Dipper toward Cassiopeia. 
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Nunki (niing’ ké) Pollux (pol tks) 
Bright star in a small right triangle north- Sirius, Procyon, Pollux, Castor, Menkali- 
east of Kaus Australis. nan, and Capella form an arc in the order 
named to the north. 





STARS IN THE FIELD OF THE PERISCOPIC SEXTANT 


DIAMETER OF EACH CIRCLE IS 15° MAGNITUDES: yr Ist 
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Rigel (ri’jél) 
Southwest corner star in the constella- 
tion of Orion. 


x _ Procyon - (pro-si’ 6n) 


Same as above. 





Rasalhague (ras’ al-agwe) 









Rigil Kentaurus (ri jél kén-td’ ris) 


Due east of the Southern Cross, east of 
and next to Hadar. 


Almost on a line and about midway be- 
tween Vega and Antares. It also forms 
an isosceles triangle with Altair and Vega. 





Regulus (rég’ G-lus) 


The dot of the “question mark’ or the 
end star in the handle of the “sickle,” 
the forepaw of Leo the Lion. 


Schedar (shéd’ ar) 


Bright star, southernmost in the constella- 
tion of Cassiopeia. 


STARS IN THE FIELD OF THE PERISCOPIC SEXTANT 
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Shaula (shd'la) 


Bright star in the tail of the Scorpion. 





Suhail (so0-hal’) 


The third star to the south in an arc 
through Regulus, Alphard, Suhail, and 
Miaplacidus. It is almost halfway between 
/ the Southern Cross and Sirius. 


Sisius (sir’i-ts) 


The three stars in the belt of Orion point 


southeastward to Sirius, the brightest ‘star 
in the heavens. 


Vega (vé ga) 
~ | | 
~ | At the 90° vertex of the right triangle 
* formed with Altair and Deneb. 
. 
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Spica (spi ka) 


The broad curve from id eCemm o¥-veXe | COMRe) amaets 
Big Dipper through Arcturus passes 
through Spica. The two northernmost 


stars of the ‘mainsail’ (Corvus) point 
ates masters iAtiz-T ue MEE Kein) 0) (6r2 8 
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Section U4 


POLAR GRID OVERLAY 


The USAF polar grid overlay consists of 
a series of lines parallel to the Greenwich 
meridian. Grid north is the direction of true 
north anywhere along the Greenwich merid- 
ian. Along the 180° meridian on polar 
charts, true south is the direction of grid 
north. Grid direction is measured from grid 
north, clockwise through 360°, using any 
grid line drawn parallel to the 0° meridian. 


CONVERTING TRUE DIRECTIONS TO GRID 
DIRECTIONS 


The following formulas are used to con- 
vert true directions to grid directions: 


Grid Direction = True Direction + West 
Longtitude (W convergence angle). 


Grid Direction = True Direction — East 
Longitude (E convergence angle). 


CONSTRUCTION OF THE GRID OVERLAY 


If the 0° — 180° meridian is not on the 
polar chart, a grid overlay may be con- 
structed in the following manner. In west 
longitude, measure an angle CCW equal to 
the longitude of the meridian along which 
the angle is measured. A line drawn at this 
angle is parallel to the Greenwich meridian. 
In east longitude, measure an angle CW 
equal to the value of the particular meridian. 


On conic projections, substitute conver- 
gence for longitude. 


GRIVATION 


Grivation is the angle measured between 
magnetic north and grid north. It is used 
to obtain a magnetic heading (MH) from a 
grid heading (GH). Grivation is applied to 
GH in the same manner as variation is ap- 
plied to TH. If grivation is not given on 
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eee eee ee GRID NAVIGATION 


the chart it may be found by using the fol- 
lowing formulas: 


Grivation = —West Longitude (W. Conv) 
+West Variation. 


Grivation = + East Longitude (E. Conv) 
—East Variation. 


CONVERGENCE 


Earth convergence between any two points 
is the inclination of the meridian at de- 
parture to the meridian at destination; i. e., 
the change of true course of a great circle 
between the two points. The earth conver- 
gence factor is the convergence angle di- 
vided by the difference of longitude (DLo), 
and for practical purposes it is equal to the 
sine of midlatitude. The earth convergence 
factor is 1.0 at the poles and zero at the 
equator. 


Map convergence between meridians at 
any two points on a chart is the difference 
between the angles that a straight line pass- 
ing through these points makes with their 
meridians. Map convergence is constant for 
a given projection, but varies in each type 
of projection. The convergence factor for 
a given projection is the number which, 
when multiplied by the difference of longi- 
tude between two meridians, will give the 
map convergence between those meridians. 


This factor is merely the constant ratio 
existing between the angular change be- 
tween meridians as measured on the chart, 
and the difference in degrees of longitude 
between them. It can be computed with the 
following formula: n=sin 4 (L,+I12) 
where n is the constant (commonly called 
the constant of the cone) and L, and Le are 
the latitudes of the standard parallels of the 
projection. The convergence factor of polar 
stereographic charts is 1.000; of the JN 
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The two tables listed below give the con- 
vergence angle for two conic projections and 
are based on factors of .62932 and .78535. 


series on the conic projection is 0.78535; and 
the convergence factor for the conventional 
Mercator may be considered to be zero. 


CONVERGENCE TABLE FOR LAMBERT CONFORMAL 


(Convergence factor .62932, Standard Parallels 33° & 45°) 


LONG. CONV. LONG. CONV. LONG. CONV. LONG. CONV. 
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37°46! 48°28’ 94° 59°09" 111° 69°51’ 
38°23’ 49°05’ 95° 59°47’ 112° 70°29’ 
39°01" 49°43’ 96° 60°25’ 113° 71°07’ 
39°39" 50°21’ 97° 61°03’ 114° 71°45’ 
40°17’ 51°00’ 98° 61°40’ 115° 72°22’ 
40°54’ 51°36’ 99° 62°18" 116° 73°00’ 
41°32’ 52°14’ 100° 62°56’ 117° 73°38’ 
42°10’ 52°52’ 101° 63°34’ 118° 74°16! 
42°48’ 53°30’ 102° 64°11’ 119° 74°53’ 
43°25’ 54°07’ 103° 64°49’ 120° 75°31’ 
44°03’ 54°45’ 104° 65°27" 121° 76°09’ 
44°41’ 55°23’ 105° 66°05’ 122° 76°47’ 
45°19" 56°00’ 106° 66°43" 123° 77°24! 
45°56’ 56°38’ 107° 67°20’ 124° 78°02’ 
46°34’ 57°16! 108° 67°58’ 125° 78°40’ 
47°12’ 57°54’ 109° 68°36’ 126° 79°18’ 
47°50’ 58°32’ 110° 69°14’ 127° 79°55’ 








AF MANUAL 51-40 VOL II! MAY 1959 


CONVERGENCE TABLE FOR JN SERIES CHARTS 


(CONVERGENCE FACTOR .78535, STANDARD PARALLELS 37° & 65°) 


LONG. CONV. LONG. CONV. LONG. CONV. LONG. CONV. ~~ LONG. 





0° 0°00’ 37° 29°03’ 73° 57°20’ 109° 85°37’ =—s-« 145° 113°53’ 
1° 0°47’ 38° 29°51’ 74° 58°07’ 110° 86°24! 146° 114°40’ 
2° 1°34’ 39° 30°37’ 75° 58°54’ 111° 87°11" 147° 115°27' 
3° 2°21’ 40° 31°25’ 76° 59°41’ 112° 87°58" 148° 116°14’ 
4° 3°08’ 41° 32°12’ 77° 60°28’ 113° 88°45’ 149° 117°48’ 
5° 3°56’ 42° 32°59" 78° 61°15’ 114° 89°32’ 150° 117°48’ 
6° 4°43’ 43° 33°46’ 79° 62°03’ 115° 90°19’ 151° 118°36’ 
is 5°30’ 44° 34°33’ 80° 62°50’ 116° 91°07" 152° 119°23’ 
8° 6°17’ 45° 35°20’ 81° 63°37’ 117° 91°54’ 153° 120°10’ 
9° 7°04’ 46° 36°07’ 82° 64°24’ 118° 92°41’ 154° 120°57’ 
10° 7°51’ 47° 36°55’ 83° 65°11" 119° 93°28’ 155° 121°44’ 
11° 8°38’ 48° 37°42" 84° 65°58’ 120° 94°15’ 156° 122°31’ 
12° 9°25’ 49° 38°29" 85° 66°45’ 121° 95°02’ 157° 123°19/ 


13° 10°13’ 50° 39°16" 86° 67°32’ 122° 95°49’ 158° 124°06’ 
14° 11°00’ i 40°03’ 87° 68°20’ 123° 96°37" 159° 124°53’ 
1° 11°47’ 52° 40°50’ 88° 69°07" 124° 97°24! 160° 125°40’ 
16° 12°34’ 53° 41°37’ 89° 69°53’ 125° 98°11’ 161° 126°27’ 
17° 13°21’ 54° 42°25’ 90° 70°40’ 126° 98°58’ 162° 127°14' 
18° 14°08’ 55° 43°12’ 91° 71°27’ 127° 99°45’ 163° 128°01' 
19° 14°55’ 56° 43°59" 92° 72°14! 128° 100°32’ 164° 128°48’ 
20° 15°42’ 57° 44°46! 93° 73°01" 129° 101°19" 165° 129°35’ 
21° 16°30’ 58° 45°33’ 94° 73°48’ 130° 102°06’ 166° 130°22’ 
22° 17°17" 59° 46°20’ 95° 74°36! 131° 102°54’ 167° 131°09’ 


23° 18°04’ 60° 47°08’ 96° 75°24! 132° 103°41’ 168° 131°56’ 
24° 18°51’ 61° 47°55’ 97° 76°11" 133° 104°28’ 169° 132°43’ 
25° 19°38’ 62° 48°42’ 98° 76°58’ 134° 105°15’ 170° 133°30’ 
26° 20°25’ 63° 49°29’ 99° 77°45’ 135° 106°02’ 171° 134°17’ 


27° 21°12’ 64° 50°16’ 100° 78°32’ 136° 106°49’ 172° 135°04’ 
28° 21°59’ 65° 51°03’ 101° 79°19" 137° 107°36’ 173° 135°5S1’ 
29° 22°47’ 66° 51°50’ 102° 80°06’ 138° 108°23’ 174° 136°38’ 
30° 23°34! 67° 52°37’ 103° 80°54’ 139° 109°10° 175° 137°25’ 
31° 24°21" 68° 53°24’ 104° 81°41" 140° 109°56’ 176° 138°12’ 
32° 25°08" 69° 54°11’ 105° 82°28’ 141° 110°44’ 177° 138°59’ 
33° 25°55’ 70° 54°58’ 106° 83°15’ 142° 111°31’ 178° 139°46’ 
34° 26°42’ 71° 55°46’ 107° 84°02’ 143° 112°18’ 179° 140°33’ 
35° 27°29" 72° 56°33’ 108° 84°49’ 144° 113°06’ 180° 141°21’ 
36° 28°16’ 
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e @ © © © © © © GYRO PRECESSION 


TERMS DEFINITIONS 


Real (induced) 
Precession 


Precession caused by 
mechanical imperfec- 
tions in the gyro. 


_ Precession caused by 
transporting a _ gyro 
over a rotating earth 
and relating gyro head- 
ings to various map 
projections. The three 
components of appar- 
ent precession are earth 
rate, earth transport, 
and grid transport pre- 
cessions. 


Apparent Precession 


Earth Rate Precession caused by 
the rotation of the 
earth. It is equal to 
15.04° per hour x sine 
latitude. For practical 
purposes 15° per hour 


x sine latitude is used. 


The rate at which an 
aircraft will change 
heading relative to true 
north when following 
a great circle course. 
The formula is: change 
of longitude per hour x 
sine of midlatitude. 


Earth Transport 


Grid Transport The rate at which an 
aircraft will change 
heading relative to grid 
north when following 
a great circle path. 
The formula is: change 
of longitude x [sine of 
midlatitude — chart 
convergence factor. ] 


PREDETERMINATION OF PRECESSION 
BY FORMULA 


Apparent precession may be determined 
in two ways. It may be computed by using 
a formula or a graph. 
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The formula for total apparent precession 
relative to grid north: 


p— {sin_midlat—map conv factor) DLo 


Earth Rat 
Preflight time ae es 


1. Determine midlatitude of the flight, or 
break flight into smaller legs and determine 
midlatitude of each leg. 


2. Enter Earth vs. Map Convergence Cor- 
rection Table and extract the sine of the mid- 
latitude (earth convergence factor). 


8. Determine the map convergence factor 
of the chart upon which navigation is to be 
done. 


4. Subtract map convergence factor from 
sine midlatitude, then multiply the difference 
by the amount of change in longitude. This 
is the total grid transport precession for the 
route. 


5. Divide the total grid transport preces- 
sion by the time en route. This will give 
precession in degrees per hour. 


NOTE: If earth convergence is 
larger than map convergence, the 
amount is positive. Otherwise it is 
negative. On easterly courses in the 
northern hemisphere, positive is 
right grid transport precession and 
negative is left. On westerly 
courses, the reverse is true. 


The table also includes the value of sine 
Lat. minus map convergence factor (CFD) 
for charts with convergence factors of .311 
and .785 up to 50° latitude, and .785 and 
1.0 from 52° to 90° latitude. 
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CFD x DLo 
Preflight time 


6. Using midlatitude, enter the table, and 
extract earth rate (ER). 


7. The total of the two factors, earth rate 
and transport, gives the expected rate of 
apparent precession. 


— Grid transport precession. 


8. If a setting for the N-1 compass is de- — 


sired, the table may be re-entered in the ER 
column with the expected rate of apparent 
precession, and the corresponding amount 
of latitude extracted. Set this latitude in 
the N-1. 
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PREDETERMINATION OF PRECESSION 
BY GRAPH 


The graph at left may also be used 
to determine apparent precession per hour 
and the false latitude setting equivalent to 
the apparent precession. The graph is en- 
tered with midlatitude of the route and 
change of longitude per hour. From the 
intersection of these two lines go vertically 
up or down the graph to determine the pre- 
cession in degrees per hour and the false 
latitude setting. Note that the solid curves 
are used for 0°—180° headings and the 
dashed curves for 180°—360° headings. 


EARTH vs MAP CONVERGENCE CORRECTION TABLE 


CFD CFD CFD 
LAT SINE ER CF=.311 CF=.785 {LAT SINE ER CF=.311 CF=.785| LAT SINE ER CF=.311 CF.=1.0 


For LAT’s in this column: 


TC CF=.311 CF =.785 
001-179 Dec ER Dec ER 
~— 181-359 Inc ER Inc ER 


For LAT’s in this column: 


11.81 +.003 
12.12 024 
12.42 044 
12.71 063 


12.99 +.081 
13.23 .098 
13.48 114 
13.70 129 
13.90 142 


14.09 +.155 
14.26 .166 
14.40 176 
14.55 .185 
14.67 .193 
14.7] .200 


14.85 +.205 


TC 3 CF=.311 «= CF=.785 14.92 —.210 


001-179 Inc ER 
181-359 = Dec ER 


oe 998 1496 213 
Peep 999 1499 214 
15.00 215 


For LAT’s in this column: 


TC CF =./895 
001-179 Inc ER 
181-359 Dec ER 
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The following methods are representative 

») of the many methods used operationally to 
= rate the gyro. These may vary according to 
the location of the flight and the type of 


») gyro system in use. The important feature 

i of any such system is that it must provide a 
: ready reference to the heading change of 

») the aircraft caused by gyro precession. 

) GYRO GRAPH BASED ON HOURLY 

PRECESSION 

») The graph illustrated shows two gyros 
’ being rated; one, the auto-pilot (AP), and 


the other a secondary gyro—in this case, the 


») pilot’s directional gyro (DG). The hori- 
‘ zontal lines of the graph represent time 

(ten-minute increments). The vertical cen- 
D) terline for the auto-pilot represents the De- 


sired Heading (DH), and the Grid Heading 

(GH) is plotted relative to the value of this 
D) line. The vertical centerline for the Direc- 

tional Gyro (DG) represents the readings 

of the DG, and grid headings are recorded 
») relative to this value. 


1000 


bof 
\ 
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PROCEDURE 


The initial heading at departure is re- 
corded on the graph against the time of de- 
parture; in this case, the DG was set to the 
same heading as the initial heading, and that 
value recorded on the graph. Grid headings 
are recorded at regular intervals (in this 
case, every 20 minutes) on both gyros. The 
DG reading is recorded on the zero center- 
line. The average heading for any period of 
time may be determined by joining the grid 
headings for the period. The intersection of 
this line with the midpoint of the time period 
is the average heading. GH for any future 
time may be predicted by extending the GH 
line to the required time. The intersection 
of this line and the predicted time is the 
predicted heading. 


The initial heading for a future period of 
time, based on an alteration and change of 
DH, may be determined by extending the 
precession slope line to the time of altera- 
tion. The intersection of this line with the 
time of alteration is the final heading (77°). 
Determine the midpoint of the following 
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30 


Pacing Diagram 


period of time (in this case, the period of 
time is one hour), and construct a line 
through this point parallel to the known pre- 
cession slope. The center vertical line is re- 
labeled with the new desired heading, based 
on the new track desired. 


The intersection of the predicted preces- 
sion slope with the time of alteration gives 
the new initial heading, relative to the new 
DH. The amount of heading change for the 
alteration is the difference between the new 
initial heading and the predicted final head- 
ing (in this case, the alteration is 17° to 
the left). The final gyro reading before the 
alteration may be determined by extending 
the grid heading line opposite the gyro read- 
ings to the time of alteration and giving that 
point the same value as the final heading 
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ILLUSTRATION SHOWS FIXES ON THE 
HOUR AND DR POSITIONS ON THE 
HALF HOUR. THIS SEQUENCE CAN BE 
REVERSED AT THE CONVENIENCE OF THE 
NAVIGATOR 


determined above. By counting back from 
this known value to the vertical line repre- 
senting DG readings, the final gyro reading 
may be predicted. The correction deter- 
mined, as applied to this value, results in the 
gyro reading after the turn. This value, 
which may be given directly to the pilot, sup- 
plies a reference for the turn. 


GYRO LOG-GRAPH BASED ON 
ALTERATIONS AT THE MIDTIME 
BETWEEN POSITIONS 


This system is “clock-slaved”’ for the con- 
venience of the navigator. As seen in the 
Pacing Diagram, the sequencing of work is 
based on clock time rather than time run 
from departure. Positions are obtained on 
the hour and the half hour. It is recom- 
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mended that the positions be alternately a 
fix and a DR position, but all fixes would be 
preferable. The time run from departure to 
the first intermediate position, and from the 
last intermediate position to destination, 
may be more or less than 30 minutes. All 
midtime alter headings except the first and 
last will come at 15 or 45 minutes past the 
hour. It is very important that the IH be 
equal to the DH at departure. 


The average heading between positions is 
the average of GH, and GHe. Sometimes, 
when the time to run to the first position is 
short, no midtime alter heading is made be- 
tween departure and the first position. In 
these cases, the average heading may be 
taken as either the IH or a single heading 
shot at the midtime of the period. 


GYRO LOG-GRAPH PROCEDURES 


The purpose of a Gyro Log-Graph is to 
show the precession of the primary gyro 
and any additional directional gyros. In 
addition, it is a computation sheet which, 
when used properly, will readily keep the 
aircraft close to course and bring it into 
destination. 


Construction 


The construction of the gyro log-graph is 
in three major divisions: 


1. The left-hand portion of gyro log- 
graph, the ledger, is for recording time, grid 
headings, and DG reading values. 


2. Center section is the graph portion of 
the gyro log-graph. It is constructed in re- 
lation to the time entered in the left-hand 
column (ledger), in such a manner that each 
horizontal line represents five minutes of 
time and each vertical line 1° of precession. 


The heavy horizontal lines always repre- 
sent 15 and 45 minutes past the hour. 


3. The right-hand section of the gyro log- 
graph is used for computing the alter head- 
ings. 
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Computations 


The procedure used in filling out the gyro 
log-graph is as follows (refer to the num- 
bers in parentheses on the gyro log-graph) : 


(1) Departure line information—includ- 
ing departure time, DC, drift, and DH. The 
IH will be entered under GH,. Also correc- 
tion will be entered. 


(2) Departure time. 
(3) Value of IH. 
(4) DG “Set” and value of setting. 


(5) On the graph, zero precession is 
plotted for AP gyro by drawing a small cir- 
cle around the intersection of the zero pre- 
cession line with the time line of departure. 


(6) IH plotted in relation to DG reading. 


(7) Time of alter headings (ledger and 
log). 


(8) Course measured from last known 
position to destination. 


(9) Spot drift or drift obtained by apply- 
ing last known W/V to DC. 


(10) Value obtained by applying drift 
to DC. 


(11) Value of GH, (ledger and log). 


(12) Alter heading correction computed 
by comparing GH, and DH, given in num- 
ber degrees left or right. 

A/H =2 x (DH — GH,) 


(13) Computed value of GH» before the 
alter heading is accomplished. 
GH, = GH, + A/H 


(14) DG reading at time of GH. 
(15) Actual value of GH. 


(16) From the ledger, precession is com- 
puted, and this precession is plotted on the 
graph by drawing a small circle around the 
intersection of the time line of the alter 
heading with the vertical line which repre- 
sents the precession of the gyro. 
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Formulas for determining precession: 


AP=FH—IH=(GH,—IH) or (GH,—pre- 
vious GH2) 


DG=FH—DG reading=(GH,—DG read- 
ing) 

Steps 7 through 16 are repeated for sub- 
sequent alter headings. 


(17) Predicted precession. 


NOTE: If off schedule alter headings 
must be made, the aircraft should 
be tracked by plotting positions for 
the times of the turns until midtime 
alter heading procedures can be re- 
established. In these cases, 
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IH--FH 
A/H — sasaki 


The gyro graph may be used as a 
quick means of determining head- 
ings under these or other adverse 
conditions. A GH for a past or 
future time may be found by apply- 
ing predicted primary gyro preces- 
sion to the last heading shot, pro- 
viding no alter headings are made 
since that heading shot. A GH for 
the present time may be found by 
applying current predicted DG pre- 
cession to the current DG reading, 
provided the gyro has not been 
tumbled or reset since the last 
heading shot. 
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1. When plotting celestial LOP’s in grid 
reference, apply longitude or convergence 
angle to the true azimuth and plot the grid 
azimuth. 


2. When taking heading checks at high 
latitudes, it is advisable to place data into 
the astrocompass or periscopic sextant to 
give the true heading and convert this head- 
ing to grid by applying the assumed longi- 
tude or convergence angle. This effectively 
cancels out error caused by an erroneous DR 
position. 


3. Use of the pole as assumed position: 


a. At the pole, the altitude of the body is 
equal to its declination, and the azmiuth of 
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@ @ @ © © © @ © CELESTIAL COMPUTATIONS 


the body is equal to its GHA. This makes 
it possible to obtain fixes near the pole 
without the use of star altitude tables. 


b. Using the pole as the assumed posi- 
tion, take the Hs on the desired bodies. 


c. Use the declination of the body as the 
Hc and compare the Hs (corrected) with 
this He to obtain the intercept. 


d. Use the GHA of the body (GHA body 
=—GHA Aries+SHA body) as the azimuth, 
and plot the intercepts. At the pole, the grid 
azimuth is equal to the GHA of the body 
minus 180°. 


4. Compute motion of the observer using 
grid azimuth minus grid track. 
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7 TF VT wow ew MV WF Tr VT ww wwewYTw vw lUCOCUCmmC DCU 


AA 
A/C 
ADC 
ADF 
AFC 
A/H 
alt 


ant 
AP 


API 
ATA 


BAS 
BAT 


°C 
CAS 
CCW 
CH 
cm 
comp 
corr 
cps 
CRT 
CW 


D,, D,, etc. 
DA 

DC or D/C 
DCA 

dec 

dept 

dest 


dev 
DF or D/F 
DG 


DR or D/R 


10, 
EAD 
EAP 
ECM 
ETA 
ETAS 


Section 1S 
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ee eeeee ¢ ABBREVIATIONS, SYMBOLS AND 


CONVERSION FORMULAS 


absolute altitude 


alter course, aircraft, aircraft 
commander 

automatic drift control 

automatic direction finder 

automatic frequency control 

alter heading 

altitude 

amplitude modulation, ante 
meridian (before noon) 

antenna 

airplot, air position, assumed 
position 

air position indicator 

airspeed, mph or knots 

actual time of arrival 

azimuth 


basic airspeed 
basic air temperature 


degrees Celsius (centigrade) 
calibrated airspeed 
counterclockwise 

compass heading 
centimeter 

computer, compass 
correction, corrected 

cycles per second 
cathode-ray tube 
clockwise, continuous wave 


successive “‘D’’ readings 
density altitude, drift angle 
drift correction 

drift correction angle 
declination 

departure 

destination 

deviation 

direction finding, direction finder 
directional gyro 

dead reckoning 


east, error 

effective air distance 
effective air path 
electronic countermeasures 
estimated time of arrival 
effective true airspeed 


degrees Fahrenheit 
frequency modulation 


acceleration caused by gravity 
Greenwich apparent time 
ground controlled approach 
ground controlled interception 
Greenwich hour angle 
Greenwich mean time 

grid north 

groundspeed 

Greenwich sidereal bine 

grid variation, grivation 


altitude, height 

computed altitude (celestial) 
high frequency (3,000 - 30,000 ke) 
mercury 

Hydrographic Office (U.S. Navy) 
observed altitude 

precomputed altitude (celestial) 
sextant altitude (celestial) 


indicated airspeed 

indicated air temperature 
intermediate frequency 
initial heading 

indicated 

intercept, interval 

initial point, instructor pilot 


knots 


constant 
kilocycle (1000 cycles) 
kilometer 


latitude 

local apparent time 
local civil time 

low frequency (30 - 300 kc) 
local hour angle 
midlatitude 

local mean time 
loran 

level off 

longitude 

line of position 

line of sight 
left-right 

local sidereal time 
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M 


mb 
MB 
me 
MF 
MH 
mm 
mph 
MPP 


ms 
MSL 


N 
NACA 


nm 


PA 
PAV 
PDI 
PLOP 
PM 


pos 


pp 
PPI 


PREF 


PRR 
PRT 


RB 
RBn 


R/T 
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moment, Mach number, 
NACA 1118 ft/sec 

millibar 

magnetic bearing 

megacycles 

medium frequency (300 - 3000 ke) 

magnetic heading 

millimeter 

miles per hour 

most probable position 

microseconds 

mean sea level 


north, nadir 

National Advisory Committee for 
Aeronautics 

nautical miles 


pressure altitude 

pressure altitude variation 

pilot directional indicator 

pressure line of position 

pulse modulation, post meridian 
(after noon) 

position 

pressure pattern 

plan position indicator 

position report 

pulse recurrence frequency 

pulse recurrence rate 

pulse recurrence time 


radius 

relative bearing 

radio beacon 

radio frequency 

receiver /transmitter, 
radio /telephone 





var 
VHF 


VLF 
VOR 


en 


south, speed 
single drift correction 
sidereal hour angle 


true altitude 

true airspeed 

true air temperature 
true bearing 

true course 
temperature 

target 

true heading, thrust 
take off 

turning point 

track 

transmitter /receiver 


ultra high frequency (800 - 3000 
mc) 


variation, variable 

very high frequency (30,000 - 
300,000 ke) 

very low frequency (below 30 ke) 

VHF omnidirectional range 
(omni-range) 


west 

World Aeronautical Chart 
wind direction 

wind velocity, wind vector 
meteorological radar station 
radiosonde station 


azimuth angle 

zenith, Coriolis correction 

_ true azimuth 

pressure pattern displacement 
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) ®@ eee @© © © e SYMBOLS 
) 
) ee Course line 


} $$ > ....- «ss True heading 
y 


‘ > ___—_ Scatnagenanake Wind vector 
J | aor e re LOP or PLOP 


) eC —__» rere LOP or PLOP (advanced or retarded) 
<——<$£__{____-» .......... Average LOP or PLOP 


©) nde Noweiale dewanwsied DR position or true sun 


bd 
> 
; 
: 
= 


TN: esesschionaeaseesns Radio fix 
4 A ee ee re Map reading fix 
> A brie aaeis died eecas oare ae Radar fix 
D A er rr tee Celestial fix 

© mer eletanaet eae wanes Most probable position 
, FF cusaatunaueiuesaaete: Air position 
D A ee eee ee Assumed position 
, T duiMasassaadwaaesese Vernal equinox — Aries 

as paseeesecasivenn No change from previous log entry 
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, INTERNATIONAL PHONETIC ALPHABET 


sas Alfa (Al-fah) 

.... Bravo (Brah-vo) 
-.-. Charlie (Char-lee) 
sais Delta (Dell-tah) 

f Echo (Eck-oh) 

.e=. Foxtrot (Foks-trot) 
= Golf (Golf) 

Hotel (Hoh-tell) 
India (In-dee-ah) 
.--— Juliet (Jew-lee-ett) 
sages Kilo (Key-loh) 

.-.. Lima (Lee-mah) 

ane Mike (Mike) 

a November (No-vem-ber) 
-~-— Oscar (Oss-cah) 
.--. Papa (Pah-pah) 
Quebec (Keh-beck) 
can Romeo (Row-me-oh) 
bra Sierra (See-atr-rah) 
= Tango (Tang-go) 
seis Uniform (You-nee-form) 
..--— Victor (Vtk-tah) 
.-- Whiskey (Wiss-key) 
—... X-ray (Ecks-ray) 


a i ad 
. 
- == 
~ . 
~ = 


_.-— Yankee (Yang-key) 
--.. Zulu (Zoo-loo) 
eet coe siaes Wun 
‘Sates Too 
..-— Tree 
weeem Fow-er 
oe Fife 
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LENGTH 


1 international nautical mile = 
1,852 meters (exactly) 
1.852 kilometers (exactly) 
6,076.10883 . . . U.S. feet 
2,025.36777 .. . U.S. yards 
1.1507771 statute miles 


1 statute mile = 
5,280 U.S. feet (exactly) 
1,760 U.S. yards (exactly) 
1,609.38472 meters 
1.6093472 kilometers 
0.86897798 international nautical mile 


1 meter = 
100 centimeters 
1,000 millimeters 
39.37 inches (exactly) 
1.093611 yards 
3.280883 . . . feet 


1 foot (U.S.) = 
0.3048006 meter 
(0.33333 .. . yard 
12 inches (exactly) 
30.48006 centimeters 
1.00000373 British feet 


1 inch = 
0.083333 . . . foot 
2.540005 centimeters 
25.40005 millimeters 


1 kilometer = 
3,280.8383 ... U.S. feet 
1,098.611 .. . U.S. yards 
1,000 meters (exactly) 
0.62137 statute miles 
0.599568 nautical mile 
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FACTORS 


TIME 


1 tropical (calendar) year = 
365.2422 mean solar days (common year) 
366.2422 mean solar days (leap year) 


1 sidereal year =865.2564 mean solar days 

1 anomalistic year =365.2596 mean solar days 

1 mean sidereal day =23"56"04.°09 mean solar time 
1 meansolar day=24"03™56.°56 mean sidereal time 


1 synodic (ordinary) month =29.531 mean solar 
days 


1 hour = 
60 minutes (exactly) 
3600 seconds (exactly) 


1 minute = 
60 seconds (exactly) 
60,000 milliseconds (exactly) 


1 second = 
1,000 milliseconds (exactly) 
1,000,000 microseconds (exactly) 


SPEED 


1 knot =1 nautical mile per hour = 
1.687806 feet per second 
101.26839 feet per minute 
1.1507771 statute miles per hour 
1.852 kilometers per hour (exactly) 
51.4444 .. . centimeters per second 


1 statute mile per hour = 
1.466666 . . . feet per second 
88 feet per minute (exactly) 
0.868798 knot 
1.609347 kilometers per hour 
44.704089 centimeters per second 


1 kilometer per hour = 
0.911843 foot per second 
54.680556 feet per minute 
0.539957 knot 
(0.621370 statute mile per hour 
O7.7777 . . . centimeters per second 


1 foot per second = 
0.592485 knot 
0.6818181 . . . statute mile per hour 
1.0972822 kilometers per hour 
60 feet per minute (exactly) 
30.48006 centimeters per second 
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APPROXIMATE SPECIFIC WEIGHTS 


Fresh water................. 62 pounds per cubic foot............... 8.3 pounds per gallon (U.S.) 
Sea water...............00.. 64 pounds per cubic foot................8.6 pounds per gallon (U‘S.) 
NCO Bi hacen Go ht newt cacerane tacts 56 pounds per cubic foot................ 

Gasoline..... er nee 43 pounds per cubic foot................ 6.0 pounds per gallon (U.S.) 
Lubricating oil.............. do pounds per cubic foot................7.4 pounds per gallon (U.S.) 
JP4 Fuel......0..0.00000... 48 pounds per cubic foot................6.5 pounds per gallon (U:S.) 


SEA LEVEL CONDITION FOR ICAO 
STANDARD ATMOSPHERE 


English Units Metric Units 
Temperature 59°F 15°C 
Pressure 1018.250 mb 1018.250 mb 
29.92126 in. Hg. 760 mm Hg. 


TEMPERATURE CONVERSIONS 


°F — 32° 


To convert Fahrenheit to Celsius (centigrade) use the following formula: °C = 13 


To convert Celsius to Fahrenheit, use: °F = (1.8 X°C) +32° 





FAHRENHEIT 


CENTIGRADE 


FAHRENHEIT 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 


CENTIGRADE +40 +45 +50 +55 +60 +65 -+70 +75 





Fahrenheit and Celsius Table 


15-8 





Appendix 


>» ®©® ®©®GHHHH 8D ®@ * APPENDIX A Motion of the Body Table..................... A-] 
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APPENDIX D "Cc" Plot Evaluation Table (d-Factor)............ D-] 
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© © @ ¢ © « « « MOTION OF THE BODY TABLE 


Observations Earlier than Solution Time - SIGNS AS GIVEN 
Observations Later than Solution Time - SIGNS REVERSED 


MOTION OF BODY CORRECTION FOR (4) FOUR MINUTES OF TIME 


LATITUDE 


0° 8° 16° }20° 24° 28° 130° 32° 34°] 36° 38° 40° 742° 44° 46° 148° 50° 52°} 54° 56° 60° | 64° 68° 72°] 76° 80° 84° 
, 4 , 7 , , , , 4 , , , , , , , , 4 , , , , , 


+60 +59 +57/+56 +55 +53/+52 +51 +50/+49 +47 +45}+44 +43 +42]/+41 +39 +37/+35 +34 +29/+27 +23 +19/+15 +11 +6 
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oe @ @ @ © © © WANDER CORRECTION TABLES (TO H,) 
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“MOVAL YZ JO INIVA JH HLIM O3138V1 INN JHL 153S93iNI OL GNNOUV DAV JHL 


MONOs GNV GINIVIGO ISN YOLDV4 JHL HLIM HdV¥D IHL JO WOLLO® 3HL Y21N3 ‘Z 
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@ © © © © © ¢ COMBINED CORIOLIS AND 
RHUMB LINE CORRECTION* 


(Not to be used when steering by unsiaved gyro) 


GROUND SPEED 300 KNOTS 


0 0 0 0 0 
14 14 14 #15 #15 #416 #16 #416 = 16 
27 28 28 29 30 31 31 31 32 


39 41 #42 #43 #44 #45 #46 #46 47 

21 52 54 56 58 59 60 61 £461 

60 63 66 68 %70 j%72 74 $75 7.6 

68 72 76 79 82 85 88 89 9.0 

74 80 86 92 97 10.2 4105 4108 4109 11.0 
03 04 O08 $13 #20 30 40 52 64 $77 90 103 115 125 135 142 147 15.0 15.1 


67.2 66.1 62.6 57.4 50.1 40.2 300 17.9 53 779 21.0 336 457 559 658 73.1 783 81.8 82.9 





GROUND SPEED 350 KNOTS 


0 0 0 0 
16 16 17 #18 ~=«(18 io. 19, 19 19 
31 33 34 35 3.6 37 38 38 3.8 


46 48 49 51 5.2 ; 59 658.6 = 5.6 8.6 
§9 62 64 67 69 ; 72 #73 74 7A 
70 74 77 81 84 ; 89 90 91 91 
7.9 85 90 95 99 10.6 10.8 10.9 11.0 
86 9.5 103 111 118 12.9 13.2 134 13.5 
11 (0.9 : : ; ; : 90 108 12.5 141 15.5 17.8 185 19.0 19.1 
102.7 101.1 96.4 89.4 79.5 66.1 12.2 25.8 ‘ 9.2] 27.1 44.1 66.6 74.5 97.8 104.8 109.5 111.1 





Figures in BOLD FACE type are plotted in a direction opposite to that of coriolis force. 
*Coriolis corrections alone are the figures in the 0° or 180° column. 
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GROUND SPEED 400 KNOTS 


260 250 240 230 220 210 200 190 180 170 160 150 140 130 
280 290 300 310 320 330 340 350 0 10 j.20 30 £40 


: 2.1 : : : ; 
121.1 114.8 ‘ 0 568 25.3 13.0 


GROUND SPEED 500 KNOTS 


260 250 210 200 190 180 170 160 
280 290 330 340 350 10 


92.0 58.4 


TR. 
— >| 270 190 180 1/0 160 
LAT. | 270 35 0 10 #£«20 


25.7 30.5 34.5 
68.4 118.6 166.9 207.9 247.3 276.5 


14.2 13.8 12.4 104 75 3.6 : : » 20.7 


284.3 279.9 265.9 245.1 215.9 176.5 135.5 


Figures in BOLD FACE type are plotted in a direction opposite to that of coriolis force. 
*Coriolis corrections alone are the figures in the 0° or 180° column. 
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TR. 
—>|2/0 260 250 240 230 220 
LAT. | 270 280 290 300 310 320 


0.6 
17.5 15.9 5.6 
329.2 313.0 208.2 


— >; 270 260 250 240 230 220 
270 280 290 300 310 320 


24 21 (1.2 
22.3 218 19.9 74 13.2 
389.7 383.7 364.1 336.1 296.3 243.0 187.2 121.5 


Figures in BOLD FACE type are plotted in a direction opposite to that of coriolis force. 
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GROUND SPEED 650 KNOTS 


210 200 19 180 170 
330 340 350 0 10 


0 
3.1 
6.2 
9.1 
11.8 
14.3 
16.5 
19.0 
22.8 


160 
20 


0 
3.3 
6.6 
9.7 
12.7 
15.6 
18.3 
21.8 
28.7 


78.7 137.6 


GROUND SPEED 700 KNOTS 


210 200 190 180 170 
330 340 350 0 10 


3.4 
6.7 
9.9 
12.8 
15.5 
18.0 
20.6 
25.1 


*Coriolis corrections alone are the figures in the 0° or 180° column. 


160 
20 


0 

3.6 

7.1 
10.6 
13.9 
17.0 
20.0 
24.0 
31.9 


0 

3.5 

7.0 
10.3 
13.5 
16.7 
20.0 
24.5 
34.3 


150 


0 

3.8 

7.6 
11.2 
14.8 
18.3 
22.0 
27.1 
38.4 


0 

3.7 

7.3 
10.8 
14.2 
17.7 
21.5 
26.8 
39.1 


194.1 242.2 


0 

4.0 

8.0 
11.8 
15.6 
19.5 
23.7 
29.8 
43.9 


89.8 158.1 223.3 279.6 


0 

3.8 

7.6 
11.2 
14.9 
18.6 
22.8 
29.0 
43.6 


0 

4.2 

8.3 
12.3 
16.4 
20.6 
25.3 
32.3 
49.2 


0 

3.9 

7] 
11.6 
15.5 
19.4 
23.9 
30.7 
47.1 


288.5 322.9 


0 

4.3 

8.5 
12.8 
17.0 
21.4 
26.4 
34.2 
93.2 


0 

4.0 

7.9 
11.8 
15.8 
19.9 
24.6 
31.8 
49.4 


MAY 1959 


0 

4.0 

8.0 
12.0 
16.0 
20.2 
25.1 
32.6 
91.0 


0 

4.0 

8.1 
12.1 
16.1 
20.3 
25.2 
32.9 
51.5 


347.0 363.2 368.8 


0 

4.4 

8.7 
13.0 
17.4 
22.0 
27.3 
35.6 
95.9 


0 

4.4 

8.8 
13.2 
17.7 
22.4 
27.9 
36.5 
97.8 





332.9 372.7 400.7 420.3 426.3 
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ee © © © © © @ *C” PLOT EVALUATION TABLE (d factor) 


Time in Minutes 








p =Distance from DR position to LOP in nautical miles. 


d =Distance from DR position to MPP in nautical miles. 
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) es © © © © © © © THREE-MINUTE COMBINED MOTION Hs 
ADJUSTMENT ON VECTOR COMPUTERS 


The computation of the combined motion Hs adjustment on a vector computer involves the resultant 
of two component vectors. The component vectors and their lengths are: 


1. A motion-of-the-body vector, equal to the length in nautical miles of 45’ of longitude at the 
assumed latitude (cos lat x 45’). 


THREE-MINUTE MOTION-OF-THE-BODY VECTOR LENGTH 


Vector Vector 
Length Length 
(n.m.) (n.m.) 





2. A motion-of-the-observer vector equal to the ground distance run in three minutes. This distance 
may be found mentally by taking one tenth of the groundspeed and dividing by two. 


DR computer solution for combined motion Hs adjustment 


1. Set 90° under the index and, using the square grid distance scale, plot the head of the motion-of- 
the-body vector down from the grommet at the appropriate distance for the assumed latitude. 


| 
) 
) 
) 
) 
) 
) 
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NOTE: To simplify this step, permanently scribe a straight line on the computer 
from the grommet toward 270°, 45 square grid units long. Scribe calibrations on 
this line showing the length of the motion-of-the-body vector at various latitudes, 
measuring from the grommet. Label the calibrations with the degrees of latitude 
they represent, at 10° intervals, to form a latitude scale. Plot the head of the 
motion-of-the-body vector by making a pencil mark at the assumed latitude on 
the latitude scale. 











2. Set true track under the index and, using the square grid distance scale, plot the tail of the motion- 
of-the-observer vector up from the grommet at the ground distance run in three minutes. 


3. Set true azimuth of the celestial body under the index and adjust the slide until the top horizontal 
line of the square grid is under the uppermost plotted vector end. Using the square grid distance scale, 
read the vertical distance from the top horizontal line of the grid to the other plotted vector end. This 
is the three-minute combined motion Hs adjustment. If the tail of the motion-of-the-observer vector 
is uppermost, the sign of the adjustment is positive; if the head of the motion-of-the-body vector is 
uppermost, the sign of the adjustment is negative. 


4. Repeat Step 3 for each celestial body to be observed. 


Vaid Computer solution for combined motion Hs adjustment 


1. Set 90° over the index and plot the head of the motion-of-the-body vector down from the center 
at the distance appropriate for the assumed latitude. 


NOTE: To simplify this step, scribe a permanent motion-of-the-body vector with 
latitude scale on the Vaid Computer in the same manner as outlined above for the 
DR computer, or attach a printed vector from a modification kit if the kit is 
locally available. Plot the head of the motion-of-the-body vector by marking the 
assumed latitude on the latitude scale. 


2. Set true track over the index and plot the head of the motion-of-the-observer vector down from 
the head of the motion-of-the-body vector at the ground distance run in three minutes. 


3. Set the true azimuth of the celestial body over the index, and read the vertical distance from the 
horizontal centerline to the head of the motion-of-the-observer vector. This distance is the three- 
minute combined motion Hs adjustment. If the head of the motion-of-the-observer vector is below 
the horizontal centerline, the sign of the adjustment is positive; if the head of the motion-of-the-observer 
vector is above the horizontal centerline, the sign of the adjustment is negative. 


4. Repeat Step 3 for each celestial body to be observed. 


This training manual is published by the Commander, Air Training Command, in accordance with the provisions of AFR 5-39. 
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